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Amidst the oil crisis in 1976, a Committee on Renewable Resources for Industrial
Materials (CORRIM) was appointed to perform a study on renewable resources—wood
products—in the United States. The CORRIM study focused on material flow and energy
consumption; emissions were not studied. Up u,ntill now, this was the only massive
environmental type study done on the forest products industry. CORRIM Il (Consortium
for Research on Renewable Industrial Materials) has been recently formed to perform a
Life Cycle Assessment (LCA) of the forest products industry. As part of this overall study,
models are developed for determining the environmental impact of manufacturing
plywood and laminated veneer lumber (LVL) gate-to-gate. The models enable
comparison for various process management scenarios, accounting for all input and
output values and can be used by decision makers. Values considered include inputs
such as logs, resin, water, electricity, fuels, and ancillary materials, and outputs such as
plywood, LVL, by-products, and air, water, and land emissions. SimaPro, an LCA
software program, is used to develop the models. The manufacturing processes are
modeled in terms of six machine centers: debarking and bucking, block conditioning,
peeling and clipping, drying, hot pressing, and trimming and sawing; considering all

inputs and outputs for each. Two production regions of the U.S. are analyzed: the



Pacific Northwest and the southern region. Using emissions data from the National
Council for Air and Steam Improvement (NCASI) and ATHENA™, and energy data from
industrial sources and the Energy Information Administration, specific to each region,
base case scenarios for the modelis were performed. Sensitivity analyses were performed
on the heating fuel source and the pollution control device. First the quantitative results
were analyzed, followed by an environmental impact assessment. The environmental
impact assessment was performed via the Eco-indicator99 methodology developed by
PRe Consultants, which takes into account ecosystem quality, human health, and
resources. The hot pressing, veneer drying, and log conditioning had the largest amount
of emissions and the greatest environmental impact because of the heat required at each
machine center. Energy consumption during the plywood and LVL manufacturing
processes has the greatest impact on the environment. Using 100% hog fuel as a
heating fuel source increased CO,, CO and solid waste emissions, but decreased SO,
NO,, methane, Biological Oxygen Demand (BOD), suspended and dissolved solids,
compared to 100% natural gas. Using 100% natural gas as the heating fuel source had
double the environmental impact compared to 100% hog fuel. Wet Electrostatic
Precipitators (WESPs), Regenerative Thermal Oxidizers (RTOs), and Regenerative
Catalytic Oxidizers (RCOs) proved to reduce certain air emissions at the dryer stack, but
increased the environmental impact because of the energy and electricity required to
operate the pollution control devices. These models should serve as a useful tool for

analyzing the plywood and LVL manufacturing processes.
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LIFE CYCLE ASSESSMENT: ENVIRONMENTAL MODELING OF PLYWOOD AND
LAMINATED VENEER LUMBER MANUFACTURING

INTRODUCTION

BACKGROUND

In 1969, the first Life Cycle Assessment (LCA) was conducted comparing
beverage containers (Hunt, 1992). “LCA is a technique for assessing the environmental
aspects and potential impacts associated with a product” (ISO 14040, 1997). Concerns
of resource depletion and the decreasing quality of the environment were the driving
factors in this early study (LeVan, 1995). Although these concerns were growing, they
only troubled a minority. Not until the 1970's did the United States as a whole
recognize the importance of natural resources. With the first oil shortage in 19734,
followed by a gasoline shortage in 1977, President Carter recognized an energy crisis
and deemed it as “the moral equivalent of war” (Oak Ridge National Laboratories,
1999).

Prior to this declaration, many groups began research on commercial and
residential resource consumption. More specifically, the Science and Technology Policy
Office, supported by the Science Advisor of the President, requested a study on
renewable resources to address the nation’s future material needs (CORRIM, 1976). In
1974, this task was assigned to an appointed committee: the Committee on Renewable
Resources for Industrial Materials (CORRIM). In the broadest of terms, CORRIM was
tasked to analyze the United States’ renewable resources, their optimal usage, and the
use of technology and science to overcome the barriers for resource use and production

(CORRIM, 1976). The majority of building materials at the time were wood based.
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Essentially, this was a massive forest products assessment. Since the first LCA comparing
beverage containers, other product comparisons have been made on products such as
vacuum bags and newspapers (LeVan, 1995). Amidst all these studies, some of which
were performed on the same products, there was little consistency in the results.
Currently, there is a drive to standardize the LCA Process. The majority of recent
published studies use the following format as a guideline. This format is the basis of
discussion for standardization.
o Scope and Goal - define and state the purpose of the LCA,
. Life Cycle Inventory Analysis (LCI) - tracks all inputs (i.e. raw materials
and energy) and outputs (i.e. products, emissions) of a chosen system
from the extraction of raw materials, manufacturing of the product, use of

the product, and disposal or recycling of the product,

. Impact Assessment - estimates the environmental impact of the process,
and
. Improvement Assessment (life cycle interpretation) - targets the greatest

impact for change (Higham and Todd, 1998 for entire paragraph).
The term environment and all derivations of, will be defined as the surrounding area the
specimen or subject of the discussion. The general purpose of any LCA is analyzing a
process, pinpointing areas for improvement, and determining processes that minimize
their impact on the environment. These impacts will be determined according to
SimaPro software and the Eco-Indicator99 methodology that it uses. Numerous amounts
of these “cradle-to-grave” studies are performed on a variety of materials, renewable and

non-renewable. Each industry group has a different environmental claim to support its



use (i.e. trees are renewable, steel is the most recycled, and concrete is abundant and a
local resource) (Meil, 1996).

Non-renewable material industries, especially steel, are the leaders for data
collection in regard to LCA. Steel has taken the initiative to gather information and
places great emphasis on completing these studies. The International Iron and Steel
Institute (11SI) has created the largest LCI database of any material (World Steel, 1998).
An LCl is defined as the “...compilation and quantification of inputs and outputs, for a
given product system...(ISO 14040, 1998).” Using the database, studies are being
performed to increase steel’s life cycle knowledge, create benchmark standards, and
promote communication within the steel industry (World Steel, 1998). The steel industry
markets itself as the most recycled material. It supports this claim with facts such as,
12.5 millions tons of steel was recycled from automobiles in 1996 (American Iron and
Steel Institute, 1999).

In the past decade, universities have followed the lead of the steel industry in
their study of forest products. CORRIM II, the Consortium for Research on Renewable
Industrial Materials, was created to update the renewable resource assessment of the
1976 CORRIM report. This committee’s research plan consists of twenty-two research
modules with the first phase consisting of five modules: forest resources, processes,
structures, use/disposal/reuse, and data management. This first phase evaluates structural

building materials (Figure 1).



Figure 1: LCA process for the structural wood products phase.
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Forintek Canada Corporation created a prototype model, ATHENA™, to address
Life Cycle Assessment. This model allows the building community to evaluate the
environmental impact of various structural building materials, such as
wood, steel, and concrete (Meil and Trusty, 1995). Other groups, such as the National
Council for Air and Stream Improvement (NCASI) are developing an air emissions
database for the manufacturing of structural forest products such as plywood. Data from
this database is considered primary if used by NCASI and secondary if used by anyone
else.

The development by agencies of these types of databases, which are the most
time and money consuming parts of LCA, assisting manufacturers who perform the
tedious, but critical LCA studies. These LCA studies foster product development and
improvement, strategic planning, public policy making and marketing with specific
objectives focused around improvement, comparison, and communication (Richter,

1998).



Since the LCA process is subjective and methodologies differ from one study to
the next, there is a need for standardization. Three major organizations are attempting to
develop the standards for performing the LCA: the International Organization for
Standardization (ISO), the Society of Environmental Toxicology and Chemistry (SETAC)
and the American Standards of Testing and Materials (ASTM). As the standards come
closer to completion, debate still exists on whether the impact assessment steps have any

scientific basis (LeVan, 1996).

CHALLENGE

Over the past two decades, environmental awareness has increased substantially
worldwide. The environment and how we treat it is at thé forefront of society and
decision-makers. Scientists have identified numerous environmental and health concerns
related to resource extraction, energy use, and air, land, and water emissions, and
disposal of products. Some concerns expressed included human health, ecosystem
quality, and resource usage. Society calls for resolution or minimization of these
concerns. LCA is the tool used to address these growing concerns.

LCA is a “compilation and evaluation of the inputs, outputs and the potential
environmental impacts of a product system throughout its life cycle (ISO 14040, 1997).”
Although the definition sounds simple and is accepted internationally, the LCA process is
not. Over the past thirty years many LCAs have been preformed. After multiple LCAs on
the same processes, the only consistency is the difference in results. Numerous problems
are attributed to the lack of consistency in results: outdated data, lack of data, omission of

certain phases in the LCA, databases not available for peer review, and subjective



evaluation (Higham, 1998; LeVan, 1995). The source of these limitations is international
disagreement on what should be included and studies done at different levels of
specificity (Meil and Trusty, 1995).

A major problem pertaining to LCA studies is the impact assessment phase.
During the impact assessment there is an attempt to quantify qualitative data. Some
information is difficult to quantify, such as environmental impacts. With qualitative data,
the ideal scenario would be an objective evaluation of these results. A variety of factors
influence one’s perception of what is important, such as geography, economics, and
personal interests.

As greater emphasis is placed on the environment, LCA is developing into a
powerful tool for the marketing world. More specifically, wood and non-wood industries
are attempting to position themselves as the “green choice” with marketing campaigns
(Meil, 1996). Using their past LCA reports and findings for marketing purposes raises
some concerns. These concerns express the use of LCA as a marketing tool without a
standardized methodology (Feldmen, 1996). The over abundance of varying LCA results
for similar products are giving consumers mixed feelings about LCAs in general. The
International Organization of Standards (ISO) has completed the ISO 14000 to address
the standardization issue.

This paper addresses one portion, a gate-to-gate study, of an LCA study covering
two structural wood products: plywood and laminated veneer lumber. More specifically,
accounting is done for all inputs and outputs from the log deck through to the product
ready for shipment. The study products are plywood and laminated veneer lumber (LVL)

manufacturing in the Pacific Northwest (Oregon and Washington) and four of thirteen



states in the Southern Region (Alabama, Louisiana, Georgia, Mississippi) of the United
States. In an attempt to make the study as transparent as possible, currently published
ISO 14000 standards and CORRIM methodologies are followed (ISO 14000, 1997 and

CORRIM 2000).

OBJECTIVES

The general objectives of this research are to assist policy makers, material buyers
and mangers on their policy and material choice decisions with respect to forest
products. The LCA tool should help these decision makers account for the
environmental concerns faised by society. These concerns will be addressed later.
Furthermore, this research is a step toward including environmental impact as a decision
factor for material purchasers, along with the traditional pricing and availability factors.

The specific objectives are as follows:

1. Create LCI working models of the LVL and plywood manufacturing processes

for the Pacific Northwest and southern regions of the United States.

2. Provide insight to the manufacturing process by segmenting plywood and LVL

manufacturing processes into machine centers.

3. Determine which machine centers contribute the most to environmental

problems, their causes, and perform a sensitivity analysis on certain parameters

according the Eco-Indicator99 methodology.



4. Provide a useful gate-to-gate study to assist CORRIM II’s processing module for

their LCA on forest products.

Essentially, these models examine the trade-offs between different raw materials,
fuels, and equipment. Also, conversion efficiencies between products and inputs, along

with unitization of undesirable outputs, if possible.



PLYWOOD AND LVL MODEL DESCRIPTIONS

LCA DESCRIPTION

Although this study is not a complete Life Cycle Assessment, understanding LCA
assists in the comprehension of the following gate-to-gate study. According to the 1ISO
14040 standards, LCA consists of four phases: goal and scope definition, inventory
analysis, impact assessment and interpretation (Figure 2). Note that these standards are

still developing and may change.

Figure 2. Phase of Life Cycle Assessment as defined by ISO 14040:1997).
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The initial phase-goal and scope definition—is critical to the completion of the
other three phases. The goal clearly states the intended use, reason and audience of the
study. The scope of the study describes the study parameters. Areas requiring
consideration include: the functions the system studied, the system boundaries,
allocation procedures, methodology for the impact assessment and other interpretation,
data requirements, assumptions, limitations and/or any review processes. This list serves
as a guideline for defining the scope and may be followed liberally. Portions of the
previous list are described in greater detail as they pertain to the LVL and plywood
sheathing study.

The most time consuming portion of LCA is the LCI phase. LCI consists of
gathering and calculating data that quantifies all relevant inputs and outputs of the
studied process. Figure 3 depicts a generic input/output flow for a composite wood
product process. During LCI, new insight on limitations and opportunities may occur,

allowing modification of the goal and scope. The results of this phase are of the greatest

Figure 3: Unit process inputs and outputs.
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importance to the plywood and LVL study. Once the LCl is complete, the impact
assessment phase commences.

During the impact assessment phase, the LCl results are used as inputs. Using
these inventory numbers, the significance of the environmental impact is evaluated.
Generally, this phase is broken down into three elements: classification, characterization
and weighting (normalization) (ISO 14040,1997). Classification involves grouping the
system outputs according to environmental and human effects (i.e. climate change,
resource depletion, carcinogens). Characterization includes evaluating the data within
each grouping. Weighting is the attempt to place all groups at an even level for
evaluation. Once again, this may give new insight to the limitations and opportunities of
the selected study and allow for goals and scope altering.

As stated in 1SO 14040:1997 “The methodological and scientific framework for
impact assessment is still being developed. Models for impact categories are in different
stages of development. There are no generally accepted methodologies for consistently
and accurately associating inventory data with specific potential environmental
impacts.” Furthermore, impact assessment is extremely arbitrary and should be made as
transparent as possible.

Interpretation is already integrated throughout the first three phases. The final
step of interpretation involves evaluating the data from the LCl and the impact assessment
conclusions. From here, conclusions, observations and recommendations are made. It is

suggested that the study undergo a peer review by I1SO.
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FUNCTION AND FUNCTIONAL UNIT

When forming the scope of the project, one primary issue is addressing the
function of the study. By defining the function of the study, the product’s specifications
and/or performance characteristics are described qualitatively. Using the identified
functions, a functional unit is defined. A functional unit is a “measure of performance
that the product or service system delivers (Feldman and Tibor, 1996).” The purpose of a
functional unit is to provide a reference for standardizing outputs and inputs. This
normalization is important for compatibility of studied products and services (ISO 14040,
1997). Once the functional unit is defined, the reference flow is quantified. The
reference flow refers to the amount of outputs needed to fulfill the function. The function
and functional units for plywood sheathing and LVL will now be defined.

In general, plywood, is used for residential, non-residential and industrial
applications. There are a variety of uses for softwood plywood which include:
subflooring, wall and roof sheathing, structural insulated panels, marine applications,
siding, and concrete forming. For this gate-to-gate study, the manufacturing of softwood
plywood sheathing is the focus (Figure 4). The primary function of this process is
producing sheets of softwood plywood. The functional unit is defined in terms of
thousand square meters on a 9-mm basis (Msm 9-mm basis).

LVL, similar to plywood, is used for residential, non-residential, and industrial
applications. The uses of LVL include flange material for composite I-beams, scaffolding
planking, headers and beams, and hip and valley rafters. The process described in the
plywood section is also used for LVL manufacturing (Figure 4). In many cases, the LVL

process takes place at many locations. For example, the veneer is peeled at one location,



Figure 4: Plywood and LVL manufacturing process.
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dried at another location, and then shipped to another facility where the rest of the
process occurs. For this study the overall process is considered. The primary function of
this process is to produce billets of LVL. The functional volumetric unit is defined in
terms of cubic meters (m’).

Using the Msm 9-mm basis and m*> measurements, the CORRIM study can be
conducted. These quantities can help assess thev'inventory of materials used to build a
standard house, 204 m?, in two regions in the United States. The energy used to

maintain these houses will also be assessed.

SYSTEM BOUNDARIES

A system boundary is the defined barrier between the process analyzed and the
surrounding environment. For this gate-to-gate study, the plywood and LVL system
boundaries need definition. All inputs and outputs included between the log deck and
the final product and co-products ready for shipping are considered. Transportation is
not included, unless specified. The plywood and LVL manufacturing processes are
broken down into six machine centers. These machine centers are titled as follows:
debarking/bucking, conditioning, peeling/clipping, drying, pressing and trimming/sawing
(Figure 5). The processing steps included in each machine center are described below.

The first machine center examined was debarking/bucking. During this sub-
process all bark is removed from the log. The log is then transported by conveyor to a

cut-off saw where the logs are bucked into desired lengths, called blocks.



Figure 5: Machine centers for plywood and LVL manufacturing.
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Conditioning is the second machine center grouping. This sub-process includes
conditioning (heating) the blocks in a steam or hot water vat.

Following the conditioning machine center is peeling/clipping. The conditioned
blocks are placed in the lathe. “Rounding-up” the blocks, removing all irregularities and
creating a uniform cylinder, is the first phase performed. After this, the blocks are peeled
into ribbons of veneer, which run onto a series of conveyors. Once the peeling is
complete, the core drops down to a conveyor. The peeler core and round-up material
are transported and separated by conveyors to a storage area. These by-products are
ready for reuse. The ribbons of veneer run to the clipper, where defects are clipped out,
the veneer is clipped to size, and veneer is stacked automatically. The clippings are
transferred via a conveyor to storage with the roundup scraps and peeler cores.

Drying the veneer is the next sub-process considered. The drying machine center
includes initial veneer drying, re-drying, and veneer cooling. Some of the veneer out of
the dryer is rejected and scraped. This veneer is chipped into dry chips and stored in a
cyclone, which is ready for reuse or sale. This chipping process is included in the drying
machine center.

In an attempt to control various air emissions, many veneer, plywood and LVL
mills use various pollution control devices. These devices are used for controlling
particulate and Volatile Organic Compounds (VOCs) emissions generated at dryers, hot
presses, and boilers. Scrubbers are still used to control particulate emissions but are
being phased out of service. The three other major types of emission control devices
currently being used or implemented are: Wet Electrostatic Precipitator (WESP),

Regenerative Thermal Oxidizer (RTO), and Regenerative Catalytic Oxidizer (RCO).
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Dryer temperature, wood species, veneer throughput, and veneer moisture
content affect the magnitude of the emissions (Raemhild, 2000). Average drying
temperatures for the Pacific Northwest are in the range of 170-190 degrees Celsius
(NCASI, 1999). The dryer temperatures for southern manufactures are higher, ranging
from 190-205 degrees Celsius (NCASI, 1999). The Pacific Northwest dries Douglas-fir
with an average moisture content (oven-dry basis) of 48%, while the south dries Southern
Yellow Pine at 100% (FRL-USDA, 1999; AWPA, 1996). All emissions are reported asa
rate in terms of emissions per Msm 9-mm basis.

WESP, RTO, and RCO are used to control particulate, other visible emissions,
and VOC. Particulates are either solid or condensible. Solid particulates are usually fiber
(wood) dust and referred to as particulate matter (PM). PM10 is filterable and has an
aerodynamic diameter less than or equal to 10 um (Corio and Sherwell, 2000).
Condensible particulates are fatty and resin acids (Raemhild, 2000). They are defined by
the EPA as having an aerodynamic diameter less than or equal to 2.5 um, or “fine” PM
(EPA, 2000). Visible emissions are what is commonly referred to as “Blue Haze,” which
are primarily condensible particulates. RTO and RCO are the pollution control devices
used for controlling VOC emissions. Currently, WESPs are primarily used in the Pacific
Northwest while the south utilizes RTOs or RCOs, sometimes combined with WESPs
(Raemhild, 2000).

Once the veneer is dried, it provides one of two inputs required for the pressing
machine center. The other input required, the adhesive used to bond veneer to make
plywood and LVL, is a phenol formaldehyde resin. All processes associated with

phenolic resin production are included. This includes all transportation of raw materials
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to the resin plant, all fuel, electricity, heat and transportation of the resin to the mill. The
initial step of the pressing sub-process involves laying-up the veneer with resin. From
here, the unit of laid-up veneer is sent to the pre-press by conveyor. After the pre-press,
the unit is automatically loaded into a hot-press. During the lay-up process, some veneer
with resin is rejected. This material is transported by conveyor to a chipper and stored in
a cyclone. This chipping is included in the next process, trimming/sawing.

The final process considered is the trimming/sawing machine center. This
involves trimming the edges of the panels and billets and sawing them into the correct
dimensions. The scraps and sawdust are transported, the scraps are chipped and all
material is stored in a cyclone. This transformation, along with the lay-up scraps, are
included in the trimming/sawing machine center.

As described in the previous paragraphs, many sub-processes can make-up a
machine center, such as the drying machine center. Since the objective is to create a
working model of the manufacturing processes, the model was designed accordingly.
Figure 6 shows the machine centers in detail. For example, the drying machine center is
made up of four processes. These processes are separated for data entry purposes.

When new data are collected or generated for a particular process, the model can be

updated. This would be difficult if all the processes were lumped together.

ALLOCATION RULES
For machine centers producing by-products that are recycled or serve as an input
to other manufacturing process, allocation is required. Allocation is the procedure of

assigning energy flows and emissions to the by-product. Allocation is based on physical



Figure 6: Machine center layout in detail.
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properties, economic value, or the number of subsequent uses of recycled material (ISO
14041, 1998). For the plywood and LVL studies, all allocation is performed on a mass
basis (CORRIM lI, 2000). All the electricity, heat and emissions involved in the sub-
process that created the by-product, are allocated. Allocation is performed on four
machine centers (ones producing by-products): debarking/bucking, peeling/clipping,

drying and trimming/sawing.

INCLUSIONS AND ASSUMPTIONS

Ideally, all inputs used in the manufacturing process are included in the analysis.
From a practical standpoint, in regard to time and data availability, accounting for all
material and energy flow is not possible. Material and energy inclusion are based on a
defined percentage of the total consumption (ISO 14041, 1998). Any material or energy
used in the process greater than or equal to two percent of the total consumption is the
limit used, as defined by CORRIM 1l (CORRIM II, 2000). Furthermore, products that are
considered extremely toxic and/or an environmental hazard would be included, even if
less than two percent. Since data is not available for every material and energy flow,
some assumptions are made.

Resin extenders and fillers are not included in the study. Typically, agricultural
by-products, such as wheat flour, are used as extenders and fillers. For example, it is
estimated that only about 8 kgs (18 Ibs) of fillers and extenders (30% filler/extender
solids, OD basis) go into a Msm 9-mm basis of plywood. This only accounts for
approximately 1.5% of the total weight of the product. Based on the plywood numbers,

it is assumed a m* of LVL would utilize fillers and extenders at no more than 2% of the
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final product weight.

Others materials considered are the packaging materials. Steel bands are
calculated to weigh on a Msm 9-mm basis of plywood, approximately 0.1% of the final
products weight (Appendix A). Solid wood stickers are estimated to weigh about 40.38
kg for Msm 9-mm basis of plywood, approximately 0.8% of the final products weight
(Appendix A). Based on the plywood numbers, it is assumed a m* of LVL utilizes
packaging materials no more than 2% of the total weight of the product.

No measurements or estimates were made for machinery lubrication. On a
conceptual basis, it is assumed lubricant usage for plywood and LVL production is far
below the 2% of the total weight rule.

Water use is considered. In both the liquid and vapor form, water is used
occasionally throughout the process (i.e. log yard, conditioning). Waste water discharge,
is a potential environmental concern. It is assumed that water is contained on site and
only lost to evaporation (ATHENA, 1993). Steam from log conditioning and wood drying
is returned to the environment as benign water vapor and therefore is excluded.

The last major ancillary material considered are capital equipment and buildings.
Without them, manufacturing would not be possible, but they are not included in the
study. Much energy and materials go into creating the physical equipment and buildings.
Most likely, as much energy and materials go into creating the equipment as used to
build the physical equipment and buildings. One can see how tracking this stream of
energy and material flows is never ending. Therefore, the machinery equipment and
building structures are excluded from this study.

These are not the only ancillary materials and energy flows involved in plywood
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and LVL manufacturing, but seem to be the most important and obvious. Adding these
materials and considering many others not mentioned, this total fulfills the required 2%
of the total consumption. Recognizing this, these materials are still excluded from the
study. Once data is available on many of these materials and as LCA advances, a study

should include them in any subsequent analysis.

DATA SOURCES

The most time consuming portion of a life cycle study is collecting the data for
the Life Cycle inventory. In order to perform this study in a timely manner, current
manufacturing data is used. The majority of this secondary data originates from the
National Council for Air and Stream Quality (NCASI), Franklin Associates, ATHENA™
Sustainable Materials Institute, Oregon Department of Energy (ODOE) and the Energy
Information Administration.

NCASI’s data is used for reporting all emissions produced through plywood and
LVL manufacturing processes. NCASI began researching Hazardous Air Pollutants (HAP)
and VOC emissions as part of a wood products Maximum Achievable Control
Technology (MACT) study in response to the 1990 Clean Air Act. The purpose of the
NCASI study is to provide data for the wood products industry and the Environmental
Protection Agency (EPA) to set MACT standards. Two sets of NCASI technical bulletins
are used as data sources (NCASI, 1999 and 1995). The early publication, published in
1995, generates emissions data for five Pacific Northwest and four southern softwood
plywood mills (Appendix B). The 1999 publication, summarizing the results of the

MCAT study, generates emissions data for three Pacific Northwest softwood plywood
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mills, three southern plywood mills and two southern LVL mills. NCASI selected mills
based on the following criteria: recent flow diagrams, well-implemented processes with
automated recordings of process parameters, operation stability, no unusual equipment,
and a place where VOCs and HAPs could be sampled at the inlet and outlet of pollution
control devices. These two publications are independent of each other.

A database created by the Franklin Associates is used for electricity, heat and
natural resources data. Franklin Associates are known nationwide as LCI specialists and
serve as consultants to public and private industries. Fifty-seven public and private
sources, reports and conversations with LCA experts from the United States make up the
data for the energy, heat and resource processes. These processes are inclusive of all
down stream processes (i.e. resource extraction, material processing) and are considered
cradle-to-gate processes.

The ATHENA™ Sustainable Materials Institute, generated from the ATHENA™
project initiated by Forintek Canada Corp, is dedicated to assisting the public to meet

™ main purpose is to educate the building

future environmental challenges. ATHENA's
community on material mixes that promote sustainable development and minimize
environmental impacts. ATHENA’s™ data for phenolic-formaldehyde resin production is
used (Forintek Canada Corp, 1993 for entire paragraph).

Some energy and heat consumption is estimated from a report published by the
Oregon Department of Energy. Published in 1988, wood products production is the
basis of the report (ODOE, 1988). This report is used by the ODOE for energy

consumption estimations and conservation potential. This data represents the average of

technology in Oregon.
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Other energy data is provided by industrial sources. These sources provided
current energy and electricity consumption data for two plywood and two LVL mills in
the PNW and four plywood mills and one LVL mill in the southern region. This
information also revealed their distribution of fuel sources used to generate heat.

The final major source of data comes from the Federal Department’s Energy
Information Administration. Using a report published 1997, which state energy fuel
sources, the means for electrical utility generation are defined for the Pacific Northwest

and southern production regions.

MODEL LIMITATIONS

Although these models are created in good conscience, some limitations are
inherent. Limitations are expressed in regard to data availability and data aging.

Data collection is time consuming and ever changing, especially for emissions.
The two sets of technical bulletins used for emissions from manufacturing vary in detail.
The early reports provide general emissions data, NO,, SO,, CO, Volatile Organic
Compounds (VOCs), and particulates, while the later provides detailed data on VOCs
and Hazardous Air Pollutants (HAPs). As mentioned earlier, data do not exist for every
material and energy flow involved.

Technology and resources change as time progresses. As technology advances,
efficiency, productivity, and resource utilization usually improves. Furthermore,
technological advances may reduce environmental and health impacts, especially if that
is the goal. These improvements change resource consumption. Less energy may be

required to process the same product in the future. Availability of resources also change.
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For example, large timber is presently harder to obtain compared to the past. Qil
discovery has slowly declined over the past two decades. At present, the oil discovery
rate is about 6 Gigabarrels per year, while consumption is ten-fold of discovery
(Campbell, 1998). As these resources change, so does the processes they support. As
fuel sources change, particularly fossil fuels, so do the fuels used for electricity and
heating. These changes provide opportunities for innovation and substitution.

In summary, these models, as with any, are only as good as the supporting data.
Data needs to be collected on current and other pertinent processes. These data sets

require constant updating, providing the means to enhance models.
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BASE CASE INPUTS

INTRODUCTION

Four base cases are created in total from, plywood and LVL manufacturing in
both the Pacific Northwest (Oregon and Washington) and the southern (Alabama,
Mississippi, Georgia and Louisiana) resource regions of the United States. The most
common standard product design is used for these structural components. Softwood,
plywood sheathing is considered a 3-ply, 9-mm thick panel with phenol-formaldehyde
resin. LVL is 38.1 mm, 13-ply construction with phenol-formaldehyde resin. The

following parameters are based on available data.

PLYWOOD AND LVL MATERIAL PARAMETERS

A variety of wood species are processed for veneer in the Pacific Northwest
(PNW). These species include Douglas-fir (Pseudotsuga menziesii), spruce (Picea spp.),
western hemlock (Tsuga heterophylla), western larch (Larix occidentalis) and white fir
(Abies concolor). Douglas-fir (DF) is the dominant species processed. The average oven-
dry (OD) density of DF on the coast, interior west, north and south, 480 kg/m’, is used to
calculate material flows (FPL-USDA, 1999). Wood processed in the south is
predominantly southern yellow pine (Pinus spp.). For this study this grouping consists of
longleaf pine (Pinus palustris), shortleaf pine (Pinus echinata), loblolly pine (Pinus taeda),
slash pine (Pinus elliottii), pvitch pine (Pinus rigida) and pond pine (Pinus serotina). The
average OD densities of these species, 550 kg/m?, is used to calculate material flows

(FPL-USDA, 1999). Compressive forces during pressing increases product densification
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by a factor of 1.11 (Wellons, 1983). The LVL and plywood OD product density are
calculated as 611 kg/m® for southern yellow pine (SYP) and 533 kg/m’ for Douglas-fir.

In order to calculate the product wood weights, the following equation was used:

OD Wood Density * OD Wood Volume = OD Wood Weight

Table 1 below displays the approximate OD veneer weights for Msm 9-mm basis of
plywood and m’® of LVL.

Glue spreads, the amount of glue applied to the veneer, are needed to calculate
the final product weights. The 3-ply plywood construction requires 2 glue
lines while the 13-ply LVL construction requires 12 glue lines. Due to the porosity
differences of various wood species, separate glue application rates are used for each

species.

Table 1: Veneer weights for Msm 9-mm basis of plywood and m® of LVL.

Product Species OD Weight (kg.)
OD Veneer for Plywood DF 4795
OD Veneer for Plywood SYP 5497
OD Veneer for LVL DF 528
OD Veneer for LVL SYP 605

The estimated application rate for southern yellow pine is 105.5 kg/thousand square
meters of single glue line (Msm 9-mm basis SGL) of OD resin solids (Neese, 2000). An
application rate of 92.5 kg/Msm 9-mm basis SGL of OD resin solids is estimated for
Douglas-fir (Hickney, 2000). Using the OD veneer and resin weights, the final OD

weight was calculated with the following equation:
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OD Weight of the Veneer + ( Green Resin Weight * % Total Solids/100) =
OD Product Weight
Table 2 displays respective phenol-formaldehyde resin parameters for Msm 9-mm basis
of plywood and m? of LVL.
The OD percent resin solids per final OD product weight for southern and

Pacific Northwest plywood are 3.39% and 3.40%, respectively, and south and Pacific
Northwest LVL are 4.91 % and 4.94%, respectively. The absolute resin amount is
larger in the southern region than in the PNW (Table 2). The factors required for the

production of phenol formaldehyde are included in Appendix C.

Table 2: Calculated resin solid and product weights for Msm 9-mm basis
plywood and m® LVL.

Species | Product Application Rate OD Resin
(kg/Msm Solids OD Product
9-mm basis SGL of | Weight (kg) Weight (kg)

OD resin solids)

SYP LVL 1055 33 638
DF LVL 92.6 29 557
SYP Plywood 105.5 204 5701
DF Plywood 92.6 173 4968

PLYWOOD AND LVL MATERIAL FLOWS
The approximate material required to produce a Msm 9-mm basis of plywood

or m’ of LVL is back-calculated from the final product weights (Figures 7,8,9,10).



Figure 7: Pacific Northwest plywood material flows to produce Msm 9-mm basis.
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Figure 8: Pacific Northwest LVL material flows to produce m’.
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Figure 9: Southern plywood material flows to produce Msm 9-mm basis.
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Figure 10: Southern LVL material flows to produce m’.
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Since allocation is performed on a mass basis, all products and by-products are
calculated on an OD basis.

In order to calculate the material flows in this fashion, loss fractions are
necessary for particular machine centers. The applied percentages are based on the
wood necessary to produce the specified production units. Bark is the first by-product
created at the debarking and bucking machine center. Southern yellow pine bark
weight is estimated using the loblolly pine average values: 16% of the total log volume
at an OD density of 320 kg/m® (Koch, 1972b). Douglas-fir bark is estimated at 28% of
the total log volume at an OD density of 390 kg/m’ (Briggs, 1994). The remaining
percentages are based on the total wood required to produce the Msm 9-mm basis of
plywood or m® of LVL. The breakdown is as follows: 15.70% lost to clipping and
roundup, 8.70% lost to peeler cores, 1.98% lost to dryer scraps, 1.98% lost during lay-
up, 3.72% lost to panel trim, and 0.51% lost to sawdust (Fahey, 1987). Two
assumptions are made relating to these fractions: the products are trimmed back two
inches around the perimeter and a saw with 3.18 mm kerf is used. A resin loss (as a
by-product) estimate is calculated from the sum of the lay-up, panel trim and sawdust
by-products percentages. 6.70% of the OD resin solids is required for the total loss.
There is also assumed to be a 1% product rejection after all processing. Table 3

displays the percentage allocation to the by-products.
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Table 3: Percentage allocation to by-products.

Machine Center Machine Center
Allocation for By- Allocation for By-
Products products: Pacific | products: South (%)
Northwest (%)
Bark 18.7 7.8
Green Clippings/Round-up -~ 12.8 14.5
Peeler Cores 71 8.0
Dry Chips 1.6 1.8
Chips with Resin 4.6 53
Sawdust with Resin 0.5 0.5
Total 45.3 37.9
ELECTRICITY CONSUMPTION

Electricity use varies from machine center-to-machine center. Motors driving
the machinery consume the greatest portion of the electricity. The challenge was
distributing the electricity consumption to each machine center.

For the Pacific Northwest region, 5721 M} and 630 M] of electricity are
required to produce Msm 9-mm basis of Douglas-fir plywood and m? of Douglas-fir
LVL, respectively (Industry Source, 2000).

It is anticipated that electricity consumption in the southern portion of the
United States is greater than the Pacific Northwest (PNW). This greater use is based on
processing southern yellow pine which is denser and has a higher moisture content.

The opposite was true, which most likely relates to the newer plywood facilities in the
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south. 4021 M] are required to produce Msm 9-mm basis of southern yellow pine
plywood basis and m’ of southern yellow pine requires 436 M} (Industry Source,
2000).

For both the PNW and south, additional electricity is required for pollution
certain control devices. A WESP is used for dryer exhaust emissions in the PNW and
requires 275 MJ /Msm 9-mm basis of plywood and 30 M) m? of LVL (Raemhild, 2000).
In the south, a RTO is used to control dryer stack emissions and requires 193 MJ/Msm
9-mm basis of plywood basis and 21 MJ/m’ of LVL (Raemhild, 2000).

The distribution of electricity by machine center is calculated from reports on
energy use in the forest products industry from Grist’s and Karmous’ (1988) and the
Oregon State University Energy Extension Office (Appendix D). The generation of this
data was prior to newer emissions control devices (i.e. RTO and RCO). Table 4

displays the electricity distribution by machine center.

Table 4: Allocation of electricity by machine center.

Machine Center %
Debarking/Bucking 12.3
Conditioning 7.6
Peeling/Clipping 16.8
Drying 193

Chipping Dry Material 5.2
Pressing 11.5
Trimming/Sawing 10.1

Chipping Lay-up/Trim Scraps 17.2

Total 100.0
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Generating energy requires a fuel source. Because resources, particularly fossil fuels,
vary by geographical location, fuel source may differ from state-to-state. The major fuel
sources considered are coal, natural gas, petroleum, nuclear, hydroelectric, and wood
waste. Tables 5 and 6 depict the average estimates for energy inputs for electric
utilities in the Pacific Northwest and southern regions. Particular state estimates are
displayed in Appendix D. Note that coal and nuclear power are the predominant fuel
source for the south, while hydroelectric power generates the majority of the electricity
for the Pacific Northwest. Appendix E lists the distribution of the fuel sources for each

machine center.



Table 5: Pacific Northwest estimates o

o

i

f fuel used for the electric utilities, 1997 (Energy Information Administration, 1999).

i R

Oregon 1.52E+10 | 1.14E+10 | 1.05E+08 0 5.08E+11 0 0 5.38E+11

Washington | 8.08 E+10 | 2.85E+09 | 2.11 E+08 6.99E+10 1.11E+12 3.79E+09 0 1.27 E+12

Total 96E+10 | 1.42E+10 | 3.16 E+08 6.99E+10 1.618 E+12 | 3.79E+09 0 1.81E+12
% of Total 5.3% 0.8% 0.0% 3.9% 89.5% 0.2% 0.0% 99.6%

Table 6: Southern estimates of fuel used for the electric utilities, 1997 (Energy Information Administration, 1999).

Alabama 1.09E+10 331E+11 1.25E+11 0 0 1.22E+12
Georgia 7.59E+11 791E+09 | 2.85E+09 341 E+ 11 481 E+10 0 0 1.16 E+12
Louisiana 236 E+11 3.03E+11 7.27 E+09 1.51E+11 0 0 0 6.97 E+ 11
Mississippi 1.33 E+11 798E+10 | 2.71E+10 1.21E+ 11 0 0 0 3.61E+11
Total 1.88E+12 | 401E+11 3.86E+10 9.44E+11 1.73 E+11 0 0 344E+12
% of Total 54.7% 11.7% 1.1% 27.5% 5.0% 0.0% 0.0% 100.0%

LE
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FUEL CONSUMPTION

Manufacturing of plywood and LVL with phenol-formaldehyde resin requires a
heat input to cure these products. Heat also plays an important role in block
conditioning and veneer drying. Heating the block softens the wood, which assists the
peeling process. During veneer drying, heat provides the energy required to evaporate
water from the wood to achieve the desired moisture content. For these models, fuel is
used for three machine centers: conditioning, drying, and pressing, and for internal
transportation (i.e. heavy equipment and forklifts). The fuel consumption required for
plywood and LVL production depends on the wood species. Due to different species
characteristics, such as green moisture content and specific gravity, southern yellow
pine and Douglas-fir require different amounts of fuel during processing; southern
yellow pine requiring the most.

In the Pacific Northwest, the fuel required to produce Msm 9-mm basis of
plywood is measured to be 35,141 MJ (Industry Source, 2000). As was done for
electricity, it is assumed that production unit weight and fuel consumption are directly
proportional. Using this assumption, the fuel required for m® of LVL is calculated as
3,885 MJ.

Pollution control devices also require an additional heat input. In the southern
region RTO’s are the pollution control device used. RTO’s require 1018 MJ/Msm 9-
mm basis of plywood basis while 3,885 M] is required to control emissions for m® of
LVL (Raemhild, 2000).

In the south, the fuel required to produce Msm 9-mm basis of plywood is

measured as 40,466 M) (Industry Source, 2000). As was done for electricity, the
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assumption of production unit weight and fuel consumption being directly proportional
applies. Using this assumption, the fuel required per m® of LVL is calculated as 4,452
MJ.

The three machine centers consume fuel with the following distribution:
conditioning 30%, drying 55%, and hot pressing 15% (Forintek Canada Corp., 1993;
Grist and Karmous, 1988). Until recently, the primary fuel source for heat was hogfuel.
Hogfuel consists of wood and bark waste generated during the manufacturing process.
In some cases, hogfuel was purchased as a cheap fuel source. In the 1980's, hogfuel
made up 95% of the heating fuel source for the Pacific Northwest (Grist and Karmous,
1988). With the rise of concern in regard to emissions, cleaner burning fuel sources
are desired. Currently fuel sources for the Pacific Northwest are 74% hog fuel, 23%
natural gas, 2% Distillate Fuel Oil (DFO), and 1% Liquid Propane Gas (LPG) (Industry
Source, 2000). In the south, fuel sources of 50% hog fuel, 48% natural gas, 1% DFO,
and 1% LPG are typically used (Industry Source, 2000). These distributions, referred to
as the “Industry Practice,” are based on 3 mills each (Industry Source, 2000). Machine
center fuel source distribution for each model is listed in the Appendix E.

Since both regions still use a considerable amount of hog fuel as a heating
source, it is assumed the bark generated from the manufacturing processes was used as
fuel (100% bark). Table 7 displays the heat generated for each process per its

measurement unit (i.e. Msm 9-mm basis or m®) (See Appendix A).



Table 7: Heat generated from using the bark by-product as a fuel source per Msm
9-mm basis of plywood and m* of LVL (Appendix A).

Manufacturing Process Bark Amount (OD kg) Heat Generated (M))
PNW Plywood 1639 4133
PNW LVL 180 454
South Plywood 692 1751
South LVL 77 193
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CALCULATION METHODOLOGY: SIMAPRO

Created in The Netherlands, SimaPro is a software package created to help
“analyze and develop environmentally sound products (PRe Consultants, 1999).” The
LCA community recognizes PRe Consultants, the creators of SimaPro, as the leaders
and experts in LCA and developing support software. This software package provides
many tools and resources that can be used to analyze the plywood and LVL processes.
SimaPro software, with an accompanying database, can be used to perform a detailed
environmental impact analysis. Although environmental problems are heavily debated
and complex, SimaPro attempts to give the user “clear insight into this complexity.”
For the plywood and LVL studies, SimaPro is used to calculate the list of inputs and
outputs and perform a sensitivity analysis on specific parameters (PRe Consultants,
1999c). Furthermore, SimaPro can also provide qualitative output in terms of eco-
indicators. The data and methodology of the SimaPro software are still under
development, so all results are not considered an absolute truth (PRe Consultants,
1999c¢).

SimaPro is based on the most current ISO 14000 Standards. SimaPro is most
useful during the inventory and impact assessment phases of an LCA. SimaPro
acknowledges the importance of defining the scope and objectives of the project; as
this first stage dictates all decisions made in the later stages.

Before describing the inventory analysis, the SimaPro manual discusses six
common concerns with inventory analysis: system boundaries, generation of more than

one product, avoided impacts, geographical variations, data quality, and choice of
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technology. System boundaries are often questioned when analyzing a process. For
example, plywood manufacturing requires a dryer and hot press. Many components,
such as steel and electronics, go into creating this equipment. It is not practical to
account for the manufacturing processes in such detail, so capital goods are excluded.
Processes generating more than one product allocate impacts on a mass, economic or
environmental basis. Environmental bases refers to any substance that is toxic at any
dosage. Moreover, processes that produce by-products create impacts but also save
impacts, providing inputs to other processes. Such impacts are referred to as avoided
impacts and are deducted from the process of origin. The Franklin Associates
Database, included with the SimaPro software, represents fifty-seven private and public
United States sources, reports, and conversations with experts. The type of technology
used during manufacturing affects efficiency and material usage, thus affecting impacts.
SimaPro contains data based on average technology.

This methodology uses three steps to perform the inventory analysis and the
impact assessment: techno-sphere, eco-sphere and value-sphere. This procedure,
developed by experts in Europe, is termed the Eco-indicator99 methodology
(Goedkoop and Spriensma, 2000). A “sphere” is a field of scientific knowledge and
reasoning (Hofstetter, 1998). Briefly, the techno-sphere describes the inventory
analysis, eco-sphere is when the characterization (including classification) are
performed, and finally the value-sphere step is where the normalizing and weighting
occur. These models attempt to integrate technology and science. “ The first two
spheres [techno-sphere and eco-sphere] can be considered to be in the technical and

natural science paradigms, the third sphere [value-sphere] is clearly in the social
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science world,... (Goedkoop and Spriensma, 2000).” So, as the methodology moves

from step-to-step, the uncertainty and subjectivity grows. The weighting step (value-

sphere) is the most critical and controversial step in LCA (Goedkoop and Spriensma,

2000). Table 8 describes the characteristics associated with each modeling step. The

inventory analysis (techno-sphere) is basically a description of the life cycle. It

accounts for all emissions created for the processes that occur during the life cycle of a

product.

This includes resource extraction, manufacturing, transportation, use/reuse and

disposal (the plywood and LVL study will only look at the manufacturing step). Once

the techno-sphere step is completed, the eco-sphere step begins.

Table 8: Characteristics of the techno-, eco-, and value-spheres (PRe Consultants,

1999a).

Category Techno-sphere Eco-sphere Value-sphere

Subject of concrete technical complex cause & societal

Modeling systems effect chains preference and
values

Verification possible in many difficult/impossible | no single truth

cases

Main Problems

boundaries and
allocations

limited scientific
understanding and
availability of data

how to measure
values in society
and incompatible
views

Uncertainties

low (less than one
order of magnitude)

high (sometimes
several orders of
magnitude)

high

The eco-sphere begins the “modeling of changes (damages) that are inflicted on

the environment (Goedkoop and Spriensma, 2000). During the eco-sphere phase the
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results from the inventory analysis are classified and characterized into one of three
damage categories: human health, ecosystem quality, and resources. These categories,
or indicators, are the same as specified in the 1ISO 14042 standards (referred to as
endpoints).

Human health is described as “the idea that all human beings, in the present
and future, should be free from environmentally transmitted illnesses, disabilities or
premature deaths (Goedkoop and Spriensma, 2000).” The emissions classified into the
human health damage category is measured (or characterized) in terms of disability
adjusted life years (DALYs). DALYs are “indicators of the time lived with a disability
and the time lost due to premature death (Homedes, 1995).” “A damage of 1 means
one life year of one individual is lost, or one person suffers four years from a disability
with a weight of 0.25 (Goedkoop and Spriensma, 2000).” The human health category
considers carcinogenic effects on humans (Carcinogens), respiratory effects on humans
caused by organic substances (Respiratory Organic), respiratory effects on humans
caused by inorganic substances (Respiratory Inorganic), damages to human health
caused by climate change (Climate Change), human health effects caused by ionizing
radiation (lonizing Radiation), and human health effects caused by ozone layer
depletion (Ozone Layer) (Goedkoop and Spriensma, 2000). Emissiqns included in
each category are listed in Appendix F.

Ecosystem quality is described by “the idea that non-human species should not
suffer from disruptive changes of their population and geographical distribution
(Goedkoop and Spriensma, 2000).” The emissions classified into the ecosystem quality

damage category are characterized as PDF * m” * yr (Potentially Disappeared Fraction
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of Species). “A damage of ‘one’ means all species disappear from 1 m? during one
year, or 10% of all species disappear from 10 m* during one year, or 10% of all species
disappear from 1 m? during 10 years (Goedkoop and Spriensma, 2000).” The
ecosystem quality category considers damage caused by ecotoxic emissions
(Ecotoxicity), caused by the combined effect of acidification and eutrophication
(Acid/Eutrophication), and caused by land occupation and land conversion (Land-use).
Ecotoxicity “describes the presence of all species present in the environment living
under toxic stress (PRe Consultants,1999c).” Acidification describes the “sulfur,
nitrogen oxides and ammonia that cause a build-up of acidity in the soil (PRe
Consultants, 1999¢).” Eutrophication refers to “phosphate and the same substances that
cause acidification can result in a kind of ‘over-fertilization,” an excess accumulation of
nutrients in the ground (PRe Consultants,1999c).” Emissions included in each category
are listed in Appendix F. Ecosystem quality does not include any assessment of the
depletion of the salmon run in the Pacific Northwest.

The resource category “contains the idea that nature’s supply of non-living
goods, which are essential to the human society, should be available also for future
generations (Goedkoop and Spriensma, 2000).” The resource endpoint is measured via
M] surplus energy. “A damage of one [indicator point] means that due to a certain
extraction, further extraction of this resources in the future will require one additional
M] of energy... (Goedkoop and Spriensma, 2000).” This indicator considers damage
caused by the extraction of minerals (Minerals) and fossil fuel (Fossil Fuels). Resources

included in each category are listed in Appendix F.
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Detailed information on how DALYs, PDFs, and MJ surplus energy is
calculated, can be found in the Eco-indicator methodology report (Goedkoop and
Spriensma, 2000).

During the value-sphere phase, the “seriousness” of the damages are
determined for the two previous steps (Goedkoop and Spriensma, 2000). The value-
sphere phase is when the normalizing and weighting of the three endpoints occurs.
The normalization factor is created from the total emissions and resource consumption
in the European and Dutch geographical area over a period of a year is divided by the
population of that region (Goedkoop and Spriensma, 2000). The normalized value is
obtained when the damage factor is divided by the normalized factor (Table 9). The
weighting of the three groups are derived from surveys sent to various interest groups.
Based on the interest groups responses, they were categorized into one of three groups:
hierarchists, individualists or egalitarians. Table 10 describes the characteristics of each
interest group.

Based on survey results, individualists value human health the most. Ecosystem
quality is paramount to the egalitarian’s interests. Hierarchists place an equal emphasis

on both human health and ecosystem quality. SimaPro created a methodology based

Table 9: Normalizing and weighting factors for the three damage categories
(Goedkoop and Spriensma, 2000).

Normalization Weights
Human Health 1.54 E-02 400
Ecosystem Quality 5.13 E+03 400
Resources 8.41 E+03 200
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on each group’s interests. The methodology based on the hierarchists is used for this
study, as suggested by SimaPro software. The weighting applied is as follows: human
health‘ (40%), ecosystem quality (40%), and resources (20%) (Table 9). Multiplying the
weighting factor listed in Table 9 by the normalized value yields the indicator point.
The indicator point value is referred to as a score, as it is used to compare processes
created with the same methodology and protocol. The higher the score, the greater
impact on the environment. Appendix F lists the damage factors, normalized damaged
factors and the weighted damage factors for every substance included in the hierarchist
version of the Eco-indicator99 methodology.

There was initial concern of using the software because of its origin. The
methodology for the impact assessment is based on European opinion and data. This
study involves manufacturing data in the United States. This concern is eased after
discussing the software’s intended use with an LCA expert and SimaPro representative

for the United States (Norris, 2000).

Table 10: Characteristics of the surveyed interested groups (PRe Consultants, 1999¢).

Group Time Perspective Manageability Required Level of
Evidence
Hierarchists balance between proper policy can inclusion based on
short and long avoid many consensus
term problems
| Individualists short term technology can only proven effects
avoid many
problems
Egalitarians long term problems lead to all possible effects
catastrophe
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RESULTS AND DISCUSSION

The following sections present the results and discussion for the inventory
analysis and impact assessment of the four base cases, by region. Full details about the
base cases are presented in the system boundaries and base case inputs sections.

Key attributes of these base cases are the use of a pollution control devices and
the heating fuel source. In the PNW, WESPs are primarily used for dryer stack
emissions, and heating fuel sources consisting of 74% hog fuel, 23% natural gas, 2%
Distillate Fuel Oil (DFO), and 1% Liquid Propane Gas (LPG). In the southern region,
RTOs are primarily used for dryer stack emissions and heating fuel source distribution
of 50% hog fuel, 48% natural gas, 1% DFO, and 1% LPG.

For each base case, a sensitivity analysis is performed on the following two
parameters: pollution control device and heating fuel source. In the PNW,
comparisons are made for operating with and without a WESP. In the southern region,
RCOs are compared to RTOs along with a comparison of operating without either
pollution control device. For both regions, alternative fuel sources for heating are
compared to the “industry practice” stated above: either 100% hog fuel or 100%
natural gas.

Key highlights of the inventory and impact assessment are the primary focus.
For the inventory analysis, an abbreviated list of emissions is. presented and considered
essential to all industry evaluations (CORRIM Il, 2000). The complete substance lists
for all process and energy inputs and outputs for the selected scenarios are presented

under Appendix G. All steps of the impact assessment—classifying and characterizing,
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normalizing and weighting-were performed, but only selected steps are presented.
Because the methodology used is still under development, certain substances are not
included in the impact assessment. These substances are marked on the complete
emissions lists in Appendix G.

Certain emissions groups need clarification as they are not grouped by chemical
composition: biochemical oxygen demand, suspended solids, dissolved solids and
solid waste.

Biochemical oxygen demand (BOD) is generated from effluents containing
organic materials. BOD determines the amount of oxygen required by the aerobic
bacteria to digest the organic waste. A high BOD measurement reduces water quality
for consumption and marine life (CORRIM II).

Suspended solids are produced by mining, milling, and/or processing
operations which release insoluble particles that suspended in effluent. Dissolved
solids are produced from mining, milling, and/or processing operations which release
soluble particles. Suspended and dissolved solids also reduce water quality for human
consumption and aquatic organisms (CORRIM II).

Solid waste is defined as by-products that are not used in the process or any
other process and are stored or land-filled (i.e. ash or slag) (CORRIM Il). Unfortunately,

SimaPro groups all these by-products into a solid waste category.
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PACIFIC NORTHWEST DRYING MACHINE CENTER

The first attribute analyzed is the drying machine center. In review, the drying
machine center includes veneer drying, re-drying, and cooling and dry scrap chipping.
Table 11 displays all emissions associated with the drying machine center for the base

case and without-a-WESP case.

Table 11: Comparing the quantitative emissions for the base case drying machine
center (includes a WESP) to a drying machine center without a WESP for both
plywood and LVL in the PNW region.

Cco 1.001 E+01 1.001 E+01 1.101E+00 1.101 E+0
Co, 1.736 E+03 1.736 E+03 1.906 E+02 1.907 E +02
N,O 7.897 E- 05 8.929 E-05 9.373 E-06 1.031 E-05
NO, 2400 E +00 2405 E +00 2.637 E-01 2.642 E-01
SO, 3.959E +00 3.974 E +00 4.358 E-01 4.372 E-01
Methane 7.279 E-01 1.207 E-01 8.026 E-02 8.026 E-02
Particulates 2.127 E-O1 7.639 E-01 2.344 E-02 8.379 E-02

BOD . 5.729 E-03 5.729 E-03 6.269 E-04 6.269 E-04
Dissolved Solids 1.079 E-01 1.084 E-01 6.328 E-01 6.328 E-01

Suspended Solids 5.780 E+00 5.780 E+00 1.189 E-02 1.195 E-02

Solid Waste 7.587 E+01 7.639 E+01 8.379 E+00 8.379 E+00
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In every major air, water, and solid emissions category, for both plywood and
LVL, there is a either no change or a slight increase in emissions when using a WESP.
Particulates would be expected to decrease with the use of a WESP. Table 11 displays
an approximate increase of 300%. This result should be ignored, as particulates were
not measured for the no WESP dryer emissions. Those particulates listed come from
the generation of energy. The generation of energy, electricity and heat, refers to all
inputs and outputs associated with the mining of the minerals or fuels, the refining, and
combustion of those minerals or fuels. Effective particulate control is seen in the
southern region.

Looking at specific VOC emissions, certain trade-offs are apparent when
comparing the base case machine center and the machine center without the WESP. In
particular, for the base case machine center for plywood and LVL had an overall
reduction of formaldehyde (47%), xylene (38%), acetone (31%), toluene (14%), and
methyl i-butyl ketone (9%). On the other hand, some major VOC increases were vinyl
chloride (40%), acrolein (26%), benzene (12%), N,O (12%), tetrachloroethane (12%),
and trichloroethene (12%). The complete drying machine center comparison for
plywood and LVL is presented in Appendix G.

This slight increase in emissions is attributed to the extra electricity
consumption required for the WESP, approximately 275 M)/Msm 9-mm basis of
plywood and 30 MJ)/m”® of LVL. It appears the emissions produced through generating

the electricity to operate the WESP negates any emissions controlled by it. If the
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hydroelectric power, a clean fuel source, did not represent 89.5% (from Table 5) of the

generated electricity in the PNW, the change of emissions in the WESP category would

be higher. This is also displayed in the southern region results. The complete

substance list for generating 1 MJ of electricity from coal, DFO, natural gas, and

uranium are presented in Appendix G.

From the inventory analysis, the impact assessment is performed. Table 12

displays the final results of the impact assessment comparing the two drying machine

centers, which shows no real differences. Both plywood and LVL in the PNW have no

score from radiation, land-use, or mineral damage categories. Three damage categories

make up approximately 93% of the total score: Respiratory Inorganic (21%), Climate

Change (18%), and Fossil Fuels (54%).

Table 12: Comparing the environmental impact scores for the base case drying
machine center (includes a WESP) to a drying machine center without a WESP for

both plywood and LVL in the PNW region.

Carcinogens

0.803

0.798

Respiratory Organic 0.415 0.427 0.046 0.047
Respiratory 11.127 11.178 1.230 1.230
Inorganic

Climate Change 9.529 9.581 1.055 1.055
Radiation 0.000 0.000 0.000 0.000
Ozone Layer 0.499 0.490 0.055 0.054
Ecotoxicity 1.133 1.150 0.125 0125
Acid/Eutrophication 1.385 1.391 0.153 0.153
Land-Use 0.000 0.000 0.000- 0.000
Minerals 0.000 0.000 0.000 0.000

Fossil Fuels

T e
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Comparing the drying machine cehters shows little variation. The total score
for the base case machine center increases less than one percent in comparison to the
machine center without a WESP. Recall that the higher the score, the worse the effect
the process has on the environment. The Respiratory Inorganic damage category
increased approximately 2.6% when using a WESP. This increase is attributed to the
rise in NO, and SO, emissions produced during the generation of the required extra
electricity. There was a decrease of approximately 1.8% for the Ozone Layer damage
category for the base case drying machine center. This is caused by the reduction in

methyl bromide compared to the machine center without a WESP (see Appendix G).

SOUTHERN DRYING MACHINE CENTER

Looking at the southern region, the base case drying machine center (including
a regenerative thermal oxidizer (RTO)) is compared to a drying machine without a
RTO. A regenerative catalytic oxidizer (RCO) is also analyzed. The RCO requires 153
M] of electricity and 305 M) of heat per Msm 9-mm basis of plywood and 17 M) of
electricity and 27 MJ of heat per m* of LVL to operate (Raemhild, 2000). The RCO
comparison involves emissions from two dryers; one indirect steam heated dryer
(industry practice heating) and one natural gas direct-fired dryer.

Table 13 displays the major emissions for the RTO comparison. For the
plywood and LVL drying machine centers, the RTO effectively controlled particulates, a
reduction of 95%, while N,O increased. All other major air, water, and land emissions
slightly increased but showed no real difference for the machine center with the RTO.

As seen in the PNW drying machine center comparison, a trade-off for VOC emissions
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is apparent. The machine center with an RTO reduced alkenes (61%), methanol (55%),

acetaldehyde (32%), acetone (27%), and o-xylene (17%). Those emissions that showed

substantial increase include tetrachloroethene (19%), trichloroethene (19%), dioxin

(TEQ) (18%), and tetrachloromethane (15%). The complete drying machine center

substance list is posted in Appendix G.

Table 13: Comparing the quantitative emissions for the base case drying machine
center (includes a RTO) to a drying machine center without a RTO for plywood and

LVL in the southern region.

Particulates

v

1.37 E-02

1.44 E-02

1.50 E-03

cO 8.80 E+00 9.33 E+00 9.66 E-01 1.03E+00

co, 1.81E+03 1T90E+03 1.98 E+ 02 2.08 E+02

N,O 5.08 £-04 6.03 E-04 5.57 E-05 6.62 E-05

NO, 3.36 E+ 00 3.55 E+ 00 3.71 E01 3.89 E-01

SO, 9.69 E+ 00 1.02E+01 1.07 E+ 00 1.12E+00

Methane 1.90 E+ 00 2.11 E+00 2.08 E-01 2.31 E-01
5.72 E+ 00 2.99 E-01 6.30 E-01

3.29 E-02

1.58 E-03

Dissolved Solids

1.41 E+ 01

1.47 E+01

1.54 E+00

1.62 E+00

Suspended
Solids

Solid Wse

2.87 E-01

8.57 E+01

3.05 E-01

9.15 E+01

3.15 E-02

9.45 E+00

3.36 E-02

1.00 E+01

The RTO was effective in controlling particulates and certain VOCs. All other

emission increases are associated with the 193 MJ and 1018 MJ per Msm 9-mm basis of

plywood basis and 21 and 112 M) per m’ of LVL for electricity and heat, respectively,
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for operation. Appendix G displays the substance lists for generating the electricity
and heat. The increases are more evident in the southern region compared to the PNW
because of the heat required for the oxidatiqn of air pollutants.

The RTO drying machine center comparison impact assessment results are
displayed in Table 14. Similarly to the PNW, three damage categories make up
approximately 93% of the total environmental score: Respiratory Inorganic, Climate
Change, and Fossil Fuels. These categories are the major contributors because of the
large amounts of CO,, NOy, and SO, produced while generating electricity and heat

from fossil fuels. Because of the extra energy required to operate the RTO, the impacts

Table 14: Comparing the environmental impact scores for the base case drying
machine center (includes a RTO) to a drying machine center without a RTO for both
plywood and LVL in the southern region.

Carcinogens 1.450 1.515 0.160 0.167

Respiratory Organic 1.550 0.695 0.171 0.076
Respiratory Inorganic 21.514 22.693 2.368 2.495
Climate Change 10.020 10.551 1.107 1.160
Radiation - - - -

Ozone Layer 0.241 0.202 0.027 0.022
Ecotoxicity 0.925 0.967 0.102 0.107
Acid/Eutrophication 2.281 2.405 0.252 0.265
Land-Use — — - -

Minerals — » — — —

Fossil Fuels 53.048 55.583 5.842 6.124
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caused by these three damage categories, along with Carcinogens, Ecotoxicity, and
Acid/Eutrophication, increased. The effective VOC control is exhibited with a decrease
in the Respiratory Organic and Ozone Layer impact damage categories. The total
impact assessment score is slightly higher for the drying machine center with the RTO
than without the RTO for the plywood and LVL manufacturing processes, by
approximately 3.7%.

Table 15 shows the results of RCO comparison. The drying machine centers
with an RCO shows a reasonable reduction in CO and particulates compared to the
machine center without an RCO. An increase in all other major categories (CO,, N,O,
NO,, SO,, methane, BOD, suspended and dissolved solids, and solid waste) occurs
when using the RCO, but only the N,O stands out. The RCO drying machine center
contributes to a number of reductions and increases in VOCs. Reductions included:
alkenes (50%), methanol (46%), toluene (26%), benzene (25%), and acrolein (23%).
Increases included: acetaldehyde (40%), phenol (16%), and dioxin (TEQ) (14%). The
complete substances list is posted in Appendix G.

The impact assessment displays the effect of these emission increases and
decreases. Table 16 exhibits the scores for the RCO comparison. Utilizing an RCO
only reduces the impact of the Respiratéry Organic damage category. This reduction is
attributed to the reduction in certain VOC emissions. All other damage categories
increased slightly due to the emissions associated with the augmented energy for the

RCO.
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Table 15: Comparing the quantitative emissions for a drying machine center with a
RCO to a drying machine center without a RCO (emissions from one natural gas
direct-fired dryer and one indirect steam heated dryer) for plywood and LVL in the
southern region.

s

9.73 E-01

CcO 9.92E +00 8.86 E+00 1.09 E+00

CO, 1.77 E+03 1.84 E+03 1.96 E+02 2.01 E+02
N,O 5.06 E-04 5.80 E-04 5.57 E-05 6.37 E-05
NO, 3.33E+00 3.44E+00 3.64 E-01 3.78 E-01

SO, 9.39E+00 9.29E+00 1.03E+00 1.09 E+00
Methane 2.09 E+00 235E+00 2.29 E-01 2.58 E-01

Particulates 414 E+00 2.91 E-O1 4.55 E-01 3.20 E-02

e e

Solid Waste

8.51 E+01

8.86 E+01

BOD 1.33 E-02 1.39 E-02 1.45 E-03 1.53 E-03
Dissolved Solids 1.36 E+ 01 1.43 E+ 01 1.49 E+00 1.57 E-02
Suspended Solids 2.77 E-01 2.96 E-01 3.05 E-02 3.26 E-02

9.31 E+00

9.73E+00




Table 16: Comparing the environmental impact scores for a drying machine center
with an RCO to machine center without a RCO (emissions from one natural gas
direct-fired dryer and a drying one indirect steam heated dryer) for plywood and LVL

in the southern region

Carcinogens

PACIFIC NORTHWEST PLYWOOD AND LVL PROCESSES

Respiratory Organic 1.291 0.737 0.142 0.081
Respiratory 20.983 21.986 2.307 2.421
Inorganic

Climate Change 9.961 10.256 1.093 1.134
Radiation 0.000 0.000 0.000 0.000
Ozone Layer 0.227 0.243 0.025 0.027
Ecotoxicity 0.925 0.938 0.101 0.103
Acid/Eutrophication 2.240 2.334 0.246 0.257
Land-Use 0.000 0.000 0.000 0.000
Minerals 0.000 0.000 0.000 0.000
Fossil Fuels 51.516 53.874 5.668 5.930

Three different heating fuel source distributions were looked at for the entire

plywood and LVL processes in the PNW: the “industry practice,” as stated earlier,

100% hog fuel, and 100% natural gas. Table 17 shows the major emissions for both

the plywood and LVL processes with the different heating fuel sources. Figure 11 and

12 show the increasing or decreasing trends with the natural log of the reported

emissions when switching to either hog fuel or natural gas as a heating fuel source.
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Table 17: Comparing the quantitative emissions for the plywood and LVL
manufacturing with different fuel sources for heating in the PNW region.

CcO 2.16 E+01 2.63 E+00 1.66 E+01
CO, 3.51 E+03 1.95E+03 3.12E+03
N,O 3.06 E-04 5.10 E-04 3.41 E-04
NO, 472 E+00 733 E+00 5.32E+00
SO, 4.98 E+00 3.49 E+01 1.19 E+01
Methane 9.19 E-01 6.55 E+00 2.21 E+00
Particulates 1.05 E-01 1.05 E+01
BOD 6.19 E-03 5.00 E-02 1.66 E-02
Dissolved Solids 6.71E+00 5.21 E+01 1.71 E+01
2.23 E-01

Suspended §olid§ Lo =

e

“Solid Waste | 1.57 E+02

co — 243 E+00 3.46 £-01 ~1.88 E+00

CO, 4.06 E+02 2.33E+02 3.63E+02
N,O 3.74 E-05 5.68 E-05 4.28 E-05
NO, 4.98 E-01 7.85 E-01 5.63 E-01
SO, 7.95 E-01 4.07 E+00 1.56 E+ 00
Methane 1.46 E-01 7.68 E-0O1 2.89 E-01
Particulates 1.25 E+00 1.24E+00 1.25 E+ 00
Ve _~
BOD 1.01 E-03 5.81 E-03 2.14 E-03
Suspended Solids 1.09 E-03 9.43 E-02 2.74 E-02
Dissolved Solids 4.83 E-03 6.09 E+00 2.24 E+00

I : : -
Solid Waste . 1.02 E+01 1.58 E+01
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Figure 11. Comparing the natural log of the quantitative emissions for different heating
fuel sources when manufacturing Msm 9-mm basis plywood in the PNW.
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Figure 12. Comparing the natural log of the quantitative emissions for different heating
fuel sources when manufacturing LVL in the PNW.
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Switching fuel sources from the industry practice to hog fuel increases the rate at which
CO,, CO, and solid waste (which includes ashes) are created, but decreases the
production rate of SO,, NO,, methane, BOD, suspended and dissolved solids. Using
natural gas as a fuel source has the opposite effect, increasing SOy, NO,, methane,
BOD, suspended and dissolved solids, while decreasing the production rate of CO,,
CO, and solid waste. The emissions and substance list for generating 1M) of energy
(heat), can be seen in Appendix G. The quantity and type of emissions created during
energy generation from bark can vary. Various substances can be present in the bark
that are not mentioned in this thesis.

After the inventory analysis, the impact assessment can be performed. Figure
13 and 14 displays the results of the characterization steps for the three different
heating fuel sources for plywood and LVL. These figures show 100% of the total
machine centers contribution to the specific damage category. The amounts, before
the normalizing and weighting, are displayed proportionally by machine center for
each damage category. For all six scenarios, three machine centers account for the
majority of the total percentage of the carcinogens, respiratory inorganic, climate
change, ecotoxicity, acid/éut;ophication and fossil fuels damage categories, they are:
conditioning, drying, and hot pressing. Conditioning, drying, hot pressing, and
trimming and sawing account for the majority of the other two damage categories:
respiratory and ozone layer. These results are attributed to the energy consumption,

both electricity and heat, of the four machine centers.
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Figure 13. Characterization of the damage categories for the different heating fuel
sources by machine center for Msm of plywood in the PNW.
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Figure 14. Characterization of the damage categories for the different heating fuel
sources by machine center for the PNW.
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The debarking and bucking machine center serves as a significant credit to the
carcinogens, respiratory inorganic, climate change, ecotoxicity, acid/eutrophication,
and fossil fuels damage categories. A credit is the result of the recycling or use of by-
products generated during the manufacturing process. This credit is attributed to the
generation of heat from the bark residue. More specifically, during the debarking and
bucking machine center, bark is produced as a by-product. Based on the allocation
rules discussed in the Plywood and LVL Modeling section, a percentage of the utilities
used during the debarking and bucking machine center is allocated to the bark by-
product. These utilities serve as a credit because the bark, or any by-product not going
to landfill, will be used as an input to another process. So, those utilities or emissions
subtracted from the processes that generated to by-product will be added to the
processes that use the by-product. When the bark is used to generate energy, it also
receives a credit. A credit is received because, energy is generated from a by-product
of the manufacturing process, which would have otherwise come from other outside
fuel sources, such as purchasing natural gas or other hog fuel.

Comparing the characterizations between the fuel sources, one trend is
recognized in both plywood and LVL manufacturing. The debarking and bucking
machine center credit in the natural gas scenarios makes up almost 70% of the total
Ecotoxicity damage category. This indicates that the majority of the emissions from hog
fuel (or bark) source are classified in the Ecotoxicity damage category and are produced
at higher levels than natural gas. These air emissions include arsenic, benzene,

chromium, nickel, lead, and zinc (see Appendix F,G).
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The final scores of the impact assessment are presented in Table 18, Figure 15,
and Figure 16. Similar to the drying machine center analysis, Climate Change,
Respiratory Inorganic, and Fossil Fuels make up 93-97% of the total score
(environmental impact). Furthermore, Fossil Fuels damage category makes up 63-71%
the tbtal.

Switching to hog fuel as the heating fuel source increases the impact caused by
the damage categories Climate Change and Ecotoxicity. The impact caused by damage
categories Carcinogens, Respiratory Organic, Respiratory Inorganic,
Acid/Eutrophication, and Fossil Fuels decreased when using 100% hog fuel. Once
again the opposite is true when using natural gas as a heating fuel source; Climate
Change and Ecotoxicity damage categories decrease and Carcinogens, Respiratory
Organic, Respiratory Inorganic, Acid/Eutrophication, and Fossil Fuels damage

categories increase.



Table 18: Comparing the environmental impact scores of the plywood and LVL
manufacturing processes with different heating fuel sources in the PNW region.
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Carcinogens 1.229 4.434 1.957
Respiratory Organic 0.644 0.910 0.711
Respiratory Inorganic 17.992 66.386 29.143
Climate Change 19.286 11.374 17.339
Radiation 0.721 0.721 0.721
Ozone Layer 2.328 -0.156 1.776
Ecotoxicity 2.504 6.072 3.327
Acid/Eutrophication 77.132 198.285 107.678
Land-Use - - -
Minerals - - -
Fossil Fuels 121.836 288.027 162.651

Carcinogens 1.658 5.191 2.469
Respiratory Organic 0.741 1.035 0.813
Respiratory Inorganic 22.778 75.969 35.134
Climate Change 22.379 13.626 20.199
Radiation - — —
Ozone Layer 0.802 0.803 0.803
Ecotoxicity 2.573 -0.160 1.966
Acid/Eutrophication 2.863 6.792 3.781
Land-Use — - —
Minerals — - —
Fossil Fuels 115.191 247.948 149.054




Figure 15. Comparing the base case environmental impact scores for the different fuel

sources by machine center for Msm 9-mm plywood in the PNW.
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Figure 16. Comparing the base envuronmental impact scores for the dlfferent fuel
soucrces by machine center for m* of LVL in the PNW.
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These “trade offs” between fuel sources directly relate to the air and water
emissions created and raw materials used to generate the selected fuel source. Climate
Change damage category is greater when using hog fuel because of higher CO,
emissions generated during combustion compared to natural gas. Likewise for the
Ecotoxicity damage category, utilizing hog fuel increases the rate of arsenic, benzene,
chromium, nickel, lead, and zinc air emissions compared to natural gas. Carcinogens
damage category is greater when using natural gas because of the increase in air
emissions of cadmium, dichloromethane, and metals, and water emissions of cadmium
and chromium compared to hog fuel. When using natural gas, aldehydes, methane,
and non-methane VOCs increase, resulting in a higher Respiratory Organic damage
category compared to hog fuel. Respiratory Inorganic and Acid/Eutrophication damage
categories are greater when using natural gas because of the higher rate of NO, and
SOy air emissions compared to hog fuel. Finally, Fossil Fuels damage category is
greater when using natural gas because of the natural gas consumption compared to
hog fuel.

Figures 15 and 16 display the impact assessment results by machine center.
Fossil Fuels have the greatest impact on the plywood and LVL processes. The greatest
portion of the environmental scores come from the conditioning, drying, and hot
pressing machine centers for all six scenarios. This relates to all the emissions
generated during the manufacturing processes and the energy required (both heating
and electricity). The energy consumption, heating in particular, has the greatest overall
effect on the impact assessment. The hot pressing machine center is the highest for

both plywood and LVL processes with the industry practice and 100% hog fuel heating
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sources, even though the drying machine center consumes more energy through
electricity and heating. This relates to the phenol-formaldehyde used. Phenol-
formaldehyde is manufactured from natural gas and crude oil. The drying machine
center has the greatest impact when switching the heating fuel source to natural gas.

This increase is attributed to uses of natural gas, a fossil fuel, as a heating fuel source.

SOUTHERN PLYWOOD AND LVL PROCESSES

The heating fuel source is analyzed for the southern plywood and LVL mills. As
with the PNW, 100% hog fuel, 100% natural gas, and the southern region “industry
Practice” are examined. Table 19 compares the emissions for both manufacturing
processes with the three heating fuelr sources. Figures 17 and 18 show the natural log
trends of these emissions when switching to hog fuel or natural gas. Switching to
100% hog fuel compared to the industry practice and 100% natural gas scenarios
increase the emissions rate for CO, CO,, and solid waste while decreasing the rate SO,,
NO,, N,O, methane, BOD, suspended and dissolved solids are produced.

These trends are related to the emissions generated while producing the energy
from the selected heating fuel source (see Appendix G).

Beginning the impact assessment, the characterization step displays the
machine centers pre-normalized and pre-weighted amount percentages of each damage

category. Figures 19 and 20 display the results of the characterization step for the
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Table 19: Comparing the quantitative emissions for the plywood and LVL
manufacturing with different fuel sources for heating in the southern region.

CO 2.79 E+01

5.61 E+00 1.67 E+01
CO, 5.18 E+03 3.33E+03 4.26 E+03
N,O 6.91 E-03 7.15 E-03 7.03 E-03
NO, 8.62 E+00 1.16 E+01 1.01 E+01
SO, 1.06 E+01 4.59 E+01 2.77 E+01
Methane 2.80 E+00 9.45 E+ 00 6.02 E+00
Particulates 1.25 E+01 1.24 E+01 1.25E+01
BOD 7.68 E-03 5.91 E-02 3.30 E-02
Dissolved Solids 8.27 E+00 6.20 E+01 3.42 E+01

Suspended 5.55 E-01 1.51 E+00 1.02 E+ 00

3.13E+00 6.71 E-O1 1.89 E+ 00
CO, 5.41 E+02 3.38E+02 441 E+02
N,O 2.96 E-04 3.19 E-04 3.07 E-04
NO, 8.39 E-01 1.17E+00 1.00 E+ 00
SO, 1.14 E+00 5.02 E+00 3.02E+00
Methane 2.52 E-01 9.79 E-01 6.06 E-01
Particulates 1.33 E+00 1.32 E+00 1.33 E+00

BOD 1.23 E-03 6.91 E-03 4.00 E-03

Suspended Solids 2.62 E-02 1.31 E-01 7.71 E-02
Dissolved Solids 1.33 E+00 7.18 E+00 417 E+00

el
Solid Waste 2.84 E+01 1.92 E+01 2.36 E+01
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Figure 17. Comparing the natural log of the quantitative emissions for different heating
fuel sources when manufacturing Msm plywood in the southern region.
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Figure 18. Comparing the quantitative emissions for different heating fuel sources
when manufacturing m* LVL in the southern regions.
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plywood and LVL processes and the different heating fuel sources. The
characterization step reveals that the majority of the classified amounts are associated
with the condifioning, drying, and hot pressing machine centers. Whereas the
trimming and sawing machine center contribute a good portion to the Ozone Layer
damage category. These distributions relate to the electricity and heat consumption of
the four machine centers, comprising 100% of the heat and 71% of the electricity
consumption (See Appendix E). The debarking and bucking machine center serves as a
significant credit to the Climate Change and Ecotoxicity damage categories. Utilizing
the bark residue as a heating fuel source generates this credit.

The trend of the debarking and bucking machine center contributing a credit of
approximately 40% to the Ecotoxicity damage category, as seen in the PNW analysis, is
present. Once again, the majority of emissions from the hog fuel source are classified
in the ecotoxicity damage category and are produced at higher levels than natural gas.
These air emissions include arsenic, benzene, chromium, nickel, lead, and zinc (see
Appendix F,G).

The final scores of the impact assessment are presented in Table 20, Figure 21 e
and 22. Approximately 95% of the total score for the six scenarios is comprised from
the Respiratory Organic, Climate Change, and Fossil Fuels damage categories. Fossil
Fuel damage category contributes 56-65% of the total score. The discussion for the
southern plywood and LVL heating fuel source comparison are consistent with those

discussed during the PNW plywood and LVL processes discussion.



Figure 19. Characterization of the damage categories for the different heating fuel
sources by machine center for Msm 9-mm basis plywood in the southern region.
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Figure 20. Characterization of the damage categories for the different heating fuel
sources by machine center for m® LVL in the southern region.
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Table 20: Comparing the environmental impact scores of the plywood and LVL

manufacturing processes with different heating fuel sources in the southern region.
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Carcinogens

Carcinogens 0.245 2.833 1.140
Respiratory Organic 0.147 0.232 0.187
Respiratory Inorganic 119.676 830.914 385.171
Climate Change 80.342 36.379 56.224
Radiation - - —
Ozone Layer 0.013 0.013 0.013
Ecotoxicity 0.903 0.001 0.270
Acid/Eutrophication 2.162 7.789 4.457
Land-Use 871.686 5540.386 2689.347
Minerals — - —
Fossil Fuels — — —

Respiratory Organic 0.139 0.172 0.155
Respiratory Inorganic 3.558 9.837 6.604
Climate Change 2.993 1.961 2.482
Radiation - - _
Ozone Layer 0.041 0.041 0.041
Ecotoxicity 0.332 0.009 0.181
Acid/Eutrophication 0.467 0.931 0.692
Land-Use — - —
Minerals - - —
Fossil Fuels 13.777 29.527 21.605
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Figure 21. Comparing environmental impact score for the different heating fuel sources
by machine center for m* of LVL in the southern region.
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Figure 22. Comparing environmental impact scores for the different heating fuel
sources by machine center for m® of LVL in the southern region.
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PACIFIC NORTHWEST VERSUS SOUTHERN REGION
The magnitude of emissions and scores for the base cases are higher for the
southern region plywood and LVL plants when compared to the Pacific Northwest.
These differences are attributed to four areas: heat consumption, heating fuel source
distribution, electricity generation, and resin usage.
Heat consumption in the Southern region is 15% greater compared to the
PNW. The way the heat is generated also makes a difference. The Southern region
utilizes a greater percentage of natural gas (48%) compared to the PNW (23%). In this
study, natural gas consumption, when compared to hog fuel, contributes to the increase
in the majority of the measured emissions, subsequently increasing the impact scores.
As with heat generation, electricity generation plays an important role on the
outcome of the inventory analysis and impact assessment. In the PNW, 89.5% of
electricity generation is from hydro-electric power (see Table 5) (Energy Information
Administration, 1999). In the Southern region, electricity is generated from coal
-(54.7%), nuclear power (27.5%), and naturel gas (11.7%) (see Table 6) (Energy
Information Administration, 1999) . Hydro-electric energy is a clean energy source.
There are no emissions generated when converting moving water into energy. On the
other hand, fossil fuels creafe air, water, and land emissions when combusted.
Essentially, 89.5% of the generated electricity in the PNW is clean energy, while 93.9%
of electricity generated in the southern region is from fossil fuels (66.4%) and nuclear
power (or uranium) (27.5%).
CQ, air emissions are related to electricity, as well as heat consumption and

generation. The results for drying machine center scenarios without pollution control
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devices exhibits similar CO, emissions when comparing the PNW to the southern
region. The blywood drying machine centers were examined to explain the
similarities. The southern region uses less electricity (967 MJ) in comparison to the

. PNW (1374 M)), but the southern region uses more heat (22,253 MJ) than the PNW
(19,332 M)). From the electricity standpoint, the PNW would generate the least
amount of CO, because of the large portion of hydro-electric generation compared to
the southern region. In terms of heat generation, the PNW generates the most because
of the larger portion of hog fuel used in comparison to the southern region.

Finally, resin usage contributes to the differences in magnitude of the inventory
analysis and impact assessment for the PNW and Southern region. Phenol-
formaldehyde is created through the refining of natural gas and petroleum. According
to Koch, Southern Yellow Pine laminates require more resin than do Douglas-fir

because of the greater veneer roughness of the Southern Yellow Pine (Koch, 1972b).
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CONCLUSIONS

Successful LCl and LCA models were created for analyzing emissions and the
environmental impact of LVL and plywood manufacturing in the Pacific Northwest and
southern regions of the United States. More specifically, these models were able to
display the effect input changes had on the emissions and environmental impact
assessment. These models were created in the SimaPro software and will be updated
as new data become available.

Breaking down the manufacturing processes into six machine centers:
debarking and bucking, conditioning, peeling and clipping, drying, hot pressing, and
trimming and sawing, proved to be insightful. Distributing the total inputs, which
affects the outputs, across the six machine centers enables interested parties to
pinpoint desired inquires (i.e., energy consumption or a particular emission).

Three machine centers had the greatest effect on the environment for the
plywood and LVL base cases in both regions (in increasing order): conditioning, drying
and hot pressing. These machine centers contributed the most because of the large
amounts of energy required for heating. The hot pressing machine center had the
greatest environment impact because of the energy consumption and resin usage. This
impact is most evident in the Fossil Fuel, Climate Change, and Respiratory Inorganic
damage categories.

Utilizing the bark generated during debarking and bucking as a fuel source
proves to be beneficial to the environment. Using the bark reduces the burden of using

fossil fuels for energy and all emissions associated with generating the energy. For
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these manufacturing processes, energy consumption is the key parameter when
attempting to reduce the environmental impact.

Of the three energy sources for heating, hog fuel had the least impact on the
environment, while natural gas had the greatest. Utilizing hog fuel for energy is
extremely beneficial when trying to reduce the burden on fossil fuels, which are used
for energy. Hog fuel is readily available, a manufacturing by-product, and renewable.
Hydroelectric power is the best alternative for generating electricity in-terms of
emissions compared to that generated with natural gas, petroleum, coal and nuclear
power. There is no air, water, or land emissions generated during the hydroelectric
process.

From the sensitivity analysis on the drying machine center and its pollution
control devices, it was concluded pollution control devices—Wet Electrostatic
Precipitators, Regenerative Thermal Oxidizers, and Regenerative Catalytic Oxidizers—
increase the environmental impact of the machine center. The devices did reduce
certain air emissions at the dryer. However, the emissions produced during the
generation of the energy required to operate the pollution control devices outweighs
these reductions.

All data reported in the main text are in accordance with the CORRIM I
research guidelines. Extensive Appendices prévide CORRIM Il with the complete
amount of data generated during this research. As more comprehensive and current
input and output data is gathered, this model can provide CORRIM Il with up-to-date
information on the plywood and LVL processes in the Pacific Northwest and southern

regions.
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Calculations for packaging MSF 3/8" basis of Douglas-fir (DF) plywood:
Assumptions:

Band used: Steel

Band size: 2.54 cm x 318 cm

Number of bands: 2

Band weight rate: 1.02 g/cm length of band 2.54 cm wide

Stickers used: DF

Number of stickers: 2

Dimensions of stickers: 121.92 cm x 8.89 cm x 3.81 cm

Weight of sticker (oven-dry): 1.81 kg

Weight calculations for steel bands:
2x 318 cm = 636 cm of steel bands

(636 cm) x (1.02 g/cm length of band 2.54 cm wide) = 648.72 g of steel band

Weight calculations for DF stickers:
2 x 1.81 kg = 3.62 kg of oven-dry DF stickers
Weight Percentage of final product:

(0.64872 kg of steel bands) / [(471 kg for MSF 3/8" basis DF plywood) + (3.62
kg of oven-dry DF stickers) + (0.64872 kg of steel band)] x 100 =

= 0.14 % of the total product weight for steel bands

(3.62 kg of oven-dry DF stickers) / [(471 kg for MSF 3/8" basis DF plywood) +
(3.62 kg of oven-dry DF stickers) + (0.64872 kg of steel bands)] x 100 =

=0.76 % of the total product weight for DF stickers
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Calculations for heat generated from burning bark in a boiler:

Assumptions:
oven-dry bark from manufacturing MSF (3/8" basis) of plywood in the PNW:
161 kg or 355 Ibs. (see Figure 2.3)
oven-dry bark from manufacturing MCF of LVL in the PNW:
5,153 kg or 11,362 Ibs. (see Figure 2.4)
oven-dry bark from manufacturing MSF (3/8" basis) of plywood in the south:
68 kg or 150 Ibs. (see Figure 2.5)
oven-dry bark from manufacturing MCF of LVL in the south:
2,191 kg or 4,831 Ibs. (see Figure 2.5)
heat of formation assuming a 50% moisture content:
2,165 BTU /b dry wood (Kirk and Wilson, 1983)
efficiency of heat recovery:
50%
Heat from bark produced from manufacturing MSF (3/8" basis) of plywood in the
PNW:
335 Ibs. * 2,165 BTU / Ib dry wood = 768,575 BTUs

768,575 BTUs * 1.055 E-3MJ /BTU =811 MJ
811 MJ * 50% efficiency = 406 MJ
Heat from bark produced from manufacturing MCF of LVL in the PNW:
11,362 lbs. * 2,165 BTU / Ib dry wood = 24,598,730 BTUs
24,598,730 BTUs * 1.055 E-3 MJ / BTU = 25,952 MJ
25,952 MJ * 50% efficiency = 12,976 MJ
Heat from bark produced from manufacturing MSF (3/8" basis) of plywood in the
south:
150 Ibs. * 2,165 BTU / Ib dry wood = 324,750 BTUs
324,750 BTUs * 1.055 E-3 MJ / BTU =343 MJ
343MJ * 50% efficiency = 172 MJ
Heat from bark produced from manufacturing MCF of LVL in the south:
4,831 lbs. * 2,165 BTU / Ib dry wood = 10,459,115 BTUs
10,459,115 BTUs * 1.055 E-3 MJ / BTU = 11,034 MJ

11,034 MJ * 50% efficiency = 5,517 MJ
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Description:

Region: Pacific Northwest

Species: Douglas-fir

Manufacturing Process: Plywood and Laminated Veneer Lumber
Data Source: NCASI technical bulletin 768.

LOG CONDITIONING EMISSIONS

Groupings g/MSF 3/8" basis g/MCF
aldehydes 0.3901 12.4828
alkenes 44.5425 1425.3612
aromatic 8.3461 267.0738
organic w/ chlorine 0.2631 8.4186
xylene 0.1724 5.56157
Specifc emissions

methyl bromide 0.1542 4.9351
acetaldehyde 21319 68.2199
acrolein 0.3447 11.0313
benzene 0.1270 4.0642
vinyl chloride 0.1043 3.3384
formaldehyde 0.1043 3.3384
dichloromethane 0.1406 4.4996
phenol 0.6804 21.7723
methanol 3.3112 105.9586
acetone 1.3608 43.5446
methyl ethyl ketone 0.4354 13.9343
methyl I-butyl ketone 0.4173 13.3537
styrene 0.1724 5.5157
toluene 0.1497 4.7899
o-xylene 0.1724 5.5157
1,2-dichloroethane 0.1633 5.2254
1,2,4-trichlorobenzene 0.2994 - 9.6798

Groupings: (specific chemicals)

Aldehydes: (propionaldehyde)

Alkenes: (camphene; 3-carene; limonene; p-mentha-1,5-diene; alpha-pinene; beta-pinene,)
Aromatic Substance: (cumene; p-cymene)

Organic Substance Containing Chlorine: (ethyl chloride;cis-1,2-dichloroethylene)

Xylene: (m,p-xylene)



Description:

Region: Southern

Species: Southern Yellow Pine

Manufacturing Process: Plywood and Laminated Veneer Lumber

Data Source: Log Conditioning Data for the Northwest from NCASI technical bulletin 768
was adjusted with the ratio of southeast/northwest dryer emissions.

LOG CONDITIONING EMISSIONS

Groupings g/MSF 3/8" basis g/MCF
aldehydes 0.1854 5.9331
alkenes 699.8021 22,393.6671
aromatic 3.5511 113.6362
organic w/ chlorine 0.1117 3.5743
xylene 0.2646 8.4661
Specifc emissions

methyl bromide 0.0662 2.1182
acetaldehyde 1.2732 40.7414
acrolein 1.2257 39.2224
benzene 0.1219 3.9016
vinyl chloride 0.0443 1.4184
formaldehyde 0.0418 1.3388
dichloromethane 0.0597 1.9091
phenol 0.3606 11.5398
methanol 3.4163 109.3201
acetone 1.2313 39.4008
methyl ethyl ketone 0.1836 5.8737
methyt I-butyl ketone 0.1782 5.7018
styrene 0.0729 2.3336
toluene 0.0411 1.3144
o-xylene 0.0737 2.3577
1,2-dichloroethane 0.0688 2.2017
1,2,4-trichlorobenzene 0.1290 41272

Groupings: (specific chemicals)
Aldehydes: (propionaldehyde)

Alkenes: (camphene; 3-carene; limonene; p-mentha-1,5-diene; alpha-pinene; beta-pinene,)

Aromatic Substance: (cumene; p-cymene)
Organic Substance Containing Chlorine: (ethyl chloride;cis-1,2-dichloroethylene)
Xylene: (m,p-xylene)
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Description:

Region: Pacific Northwest

Species: Douglas-fir

Manufacturing Process: Plywood and Laminated Veneer Lumber
Data Source: NCASI technical bulletin 768

DRYER EMISSIONS FROM INDIRECT STEAM HEAT

Groupings g/MSF 3/8" basis

aldehydes 1.5842
alkenes ' 133.8204
aromatic 40.9365
organic w/ chlorine 0.7841
xylene 0.2370
Specific emissions

methyl bromide 0.7609
acetaldehyde 10.6333
acrolein 0.0561
benzene 0.2778
vinyl chloride 0.5018
formaldehyde 11.0619
dichloromethane 0.6821
phenol 1.1878
methanol 16.4426
acetone 7.2688
methyl ethyl ketone 2.0015
methyl I-butyl ketone 1.9334
styrene 0.8448
toluene 1.1340
o-xylene 0.8510
1,2-dichloroethane 0.7966
1,2,4-trichlorobenzene 1.4572

Groupings: (specific chemicals)
Aldehydes: (propionaldehyde)

Alkenes: (camphene; 3-carene; limonene; p-mentha-1,5-diene; alpha-pinene; beta-pinene,)

Aromatic Substance: (cumene; p-cymene)

g/MCF
50.6932
4282.2525
1309.9679
25.0926
7.5840

24.3487
340.2651
1.7962
8.8904
16.0571
3563.9816
21.8268
38.0108
526.1644
232.6010
64.0469
61.8697
27.0340
36.2872
27.2335
25.4918
46.6291

Organic Substance Containing Chlorine: (ethyl chloride;cis-1,2-dichloroethylene)

Xylene: (m,p-xylene)
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Description:

Region: Pacific Northwest

Species: Douglas-fir

Manufacturing Process: Plywood and Laminated Veneer Lumber

Data Source: All data from NCASI TB 768, VOC data for TB 694 was distributed and
averaged as a percentage of the specific compounds for TB 768. Averaging was based on
the number of mills the data came from.

DRYER W/ WESP EMISSIONS: INLET INDIRECT STEAM HEAT

Groupings g/MSF 3/8" basis g/MCF
aldehydes 1.4968 47.8991
alkenes 158.5388 5073.2409
aromatic 37.9201 1213.4440
organic w/ chlorine 2.5129 80.4124
xylene 0.7892 25.2559
Specific emissions
methyl bromide 0.7076 22.6432
acetaldehyde 10.6231 339.9385
acrolein 1.4333 45.8670
benzene 0.5851 18.7242
vinyl chloride 1.7509 56.0274
formaldehyde 5.1256 164.0181
dichloromethane 0.6260 20.0305
phenol 2.9211 93.4758
methanol 17.0550 545.7595
acetone 3.2749 104.7974
methyl ethyl ketone 1.8053 57.7692
methyl I-butyl ketone 1.4968 47.8991
styrene 0.7802 24.9656
toluene 0.6895 22.0626
o-xylene 0.7892 25.2559
1,2-dichloroethane 0.7439 23.8044
1,2,4-trichlorobenzene 1.3517 43.2543
PM 53.6345 1716.3039

Groupings: (specific chemicals)

Aldehydes: (propionaldehyde)

Alkenes: (camphene; 3-carene; limonene; p-mentha-1,5-diene; alpha-pinene; beta-pinene,)
Aromatic Substance: (cumene; p-cymene)

Organic Substance Containing Chlorine: (ethyl chloride;cis-1,2-dichloroethylene)

Xylene: (m,p-xylene)
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Description:

Region: Southern

Species: Southern Yellow Pine

Manufacturing Process: Plywood and Laminated Veneer Lumber

Data Source: All data from NCAS! technical bulletin (TB) 768, except, CO and PM data from
NCASI TB 694. VOC data for TB 694 was distributed and averaged as a percentage of the
specific compounds for TB 768. Averaging was based on the number of mills the data came
from.

DRYER EMISSIONS FROM INDIRECT STEAM HEAT

Groupings g/MSF 3/8" basis g/MCF
aldehydes 1.3433 42.9865
alkenes 1585.6063 50739.4014
aromatic 31.0884 994.8300
organic w/ chlorine 0.9816 31.4108
xylene 0.6467 20.6949
Specific emissions

methyl bromide 0.5786 18.5149
acetaldehyde 10.1709 325.4691
acrolein 1.3932 44.5831
benzene 0.4750 15.1988
vinyl chloride 0.3781 12.0976
formaldehyde 7.0813 226.6002
dichloromethane 0.5133 16.4270
phenol 1.6734 53.5489
methanol 29.7451 951.8435
acetone 11.0789 354.5259
methyl ethyl ketone 1.4969 47.8992
methyl I-butyl ketone 14777 47.2851
styrene 0.6342 20.2958
toluene 0.5565 17.8087
o-xylene 0.6467 20.6949
1,2-dichloroethane 0.5968 19.0983
1,2,4-trichlorobenzene 1.0958 35.0647
Methane 43732 139.9416
Ethane 1.0206 32.6585
CcO 12.7941 409.4103
PM 533.8273 17082.4743

Groupings: (specific chemicals)

Aldehydes: (propionaldehyde)

Alkenes: (camphene; 3-carene; limonene; p-mentha-1,5-diene; alpha-pinene; beta-pinene,)
Aromatic Substance: (cumene; p-cymene)

Organic Substance Containing Chlorine: (ethyl chloride;cis-1,2-dichloroethylene)

Xylene: (m,p-xylene)
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Description:

Region: Southern

Species: Southern Yellow Pine

Manufacturing Process: Plywood and Laminated Veneer Lumber

Data Source: All data from NCASI technical bulletin (TB) 768, except, CO, NOx and PM data
from NCASI technical bulletin 694. VOC data for TB 694 was distributed and averaged as a
percentage of the specific compounds for TB 768. Averaging was based on the number of
mills the data came from.

DRYER EMISSIONS FROM DIRECT HEAT (NATURAL GAS)

Groupings g/MSF 3/8" basis g/MCF
aldehydes 0.9516 30.4496
alkenes 643.2479 20583.9317
aromatic 22.3614 715.5657
organic w/ chlorine 0.7137 22.8372
xylene 1.8079 57.8542
Specific emissions
methyl bromide 0.4187 13.3978
acetaldehyde 18.0795 578.5425
acrolein 5.7093 182.6976
benzene 3.7110 118.7535
vinyl chloride 0.2759 8.8304
formaldehyde 41.3924 1324.5577
dichloromethane 0.3759 12.0276
phenol 1.3797 44.1519
methanol 17.1279 548.0929
acetone 27.2154 870.8928
methyl ethyl ketone 1.0467 33.4946
methyl I-butyl ketone 1.4749 47.1969
styrene 0.5709 18.2698
toluene 43771 140.0682
o-xylene 0.4710 16.0726
1,2-dichloroethane 0.4377 14.0068
1,2,4-trichlorobenzene 0.8088 25.8822
Methane 54.6576 1749.0430
Ethane 2.0412 65.3170
co 243.0486 7777.5565
NOXx 5.5338 177.0815
PM 224.3003 7177.6082

Groupings: (specific chemicals)

Aldehydes: (propionaldehyde)

Alkenes: (camphene; 3-carene; limonene; p-mentha-1,5-diene; alpha-pinene; beta-pinene,)
Aromatic Substance: (cumene; p-cymene)

Organic Substance Containing Chlorine: (ethyl chloride;cis-1,2-dichloroethylene)

Xylene: (m,p-xylene)



Description:

Region: Southern

Species: Southern Yellow Pine

Manufacturing Process: Plywood and Laminated Veneer Lumber
Data Source: NCASI technical bulletin 768

DRYER W/ RTO EMISSIONS: INLET INDIRECT STEAM HEAT

Groupings g/MSF 3/8" basis g/MCF
aldehydes ; 0.8845 28.3040
alkenes 62.3686 1995.7960
aromatic - 19.2776 616.8824
organic w/ chlorine 0.6033 19.3048
xylene 0.3901 12.4828
Specific emissions
methyl bromide 0.3561 11.3942
acetaldehyde 0.6123 19.5951
acrolein 0.7802 24.9656
benzene 0.0635 2.0321
vinyl chloride 0.2359 7.5477
formaldehyde 1.0047 32.1505
dichloromethane 0.3220 10.3056
phenol 1.8144 58.0595
methanol 0.8391 26.8525
acetone 0.5216 16.6921
methyl ethyl ketone 0.9752 31.2070
methyl I-butyl ketone 0.9525 30.4812
styrene 0.3878 12.4102
toluene 0.3515 11.2490
o-xylene 0.3901 12.4828
1,2-dichloroethane 0.3833 12.2651
1,2,4-trichlorobenzene 0.6781 21.6997
Methane 14.9760 479.2330
CcoO 27.5632 882.0209

Groupings: (specific chemicals)

Aldehydes: (propionaldehyde)

Alkenes: (camphene; 3-carene; limonene; p-mentha-1,5-diene; alpha-pinene; beta-pinene,)
Aromatic Substance: (cumene; p-cymene)

Organic Substance Containing Chlorine: (ethyi chloride;cis-1,2-dichloroethylene)

Xylene: (m,p-xylene)
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Description:

Region: Southern

Species: Southern Yellow Pine

Manufacturing Process: Plywood and Laminated Veneer Lumber
Data Source: NCASI technical bulletin 768

DRYER EMISSIONS W/ RCO: INLET INDIRECT STEAM HEAT AND DIRECT(GAS) HEAT

Groupings g/MSF 3/8" basis g/MCF
aldehydes 1.3608 43.5446
alkenes 100.6970 3222.3034
aromatic 31.7513 1016.0416
organic w/ chlorine 0.9888 31.6424
xylene 0.6350 20.3208
Specific emissions

methyl bromide 0.5897 18.8693
acetaldehyde 27.6690 885.4077
acrolein 1.1793 37.7387
benzene 0.4989 15.9664
vinyl chloride 0.3856 12.3376
formaldehyde 17.2364 551.5654
dichloromethane 0.5443 17.4179
phenol 2.4947 79.8318
methanol 2.2226 71.1229
acetone 21.7723 696.7142
methyl ethyl ketone 1.4968 47.8991
methyl I-butyl ketone 1.4515 46.4476
styrene 0.6350 20.3208
toluene 0.5897 18.8693
o-xylene 0.6350 20.3208
1,2-dichloroethane 0.5897 18.8693
1,2,4-trichlorobenzene 1.1340 36.2872
Methane 441494 1412.7817
Ethane 4.0823 130.6339
CcoO 4.6871 149.9871

Groupings: (specific chemicals)

Aldehydes: (propionaldehyde)

Alkenes: (camphene; 3-carene; limonene; p-mentha-1,5-diene; alpha-pinene; beta-pinene,)
Aromatic Substance: (cumene; p-cymene)

Organic Substance Containing Chlorine: (ethyl! chloride;cis-1,2-dichloroethylene)

Xylene: (m,p-xylene)



Description:

Region: Pacific Northwest

Species: Douglas-fir

Manufacturing Process: Plywood and Laminated Veneer Lumber
Data Source: NCASI technical bulletin 768

VENEER REDRY EMISSIONS

Groupings g/MSF 3/8" basis g/MCF
aldehydes 0.1225 3.9190
alkenes 11.7933 377.3869
aromatic 2.4947 79.8318
organic w/ chlorine 0.0821 2.6272
xylene 0.0544 1.7418
Specific emissions

methyl bromide 0.0454 1.4515
acetaldehyde 0.1225 3.9190
acrolein 0.1089 3.4836
benzene 0.0390 1.2483
vinyl chloride 0.0313 1.0015
formaldehyde 0.0340 1.0886
dichloromethane 0.0422 1.3499
phenol 0.2223 7.1123
methanol 0.2359 7.5477
acetone 0.1814 5.8060
methyl ethyl ketone 0.1361 4.3545
methyl I-butyl ketone 0.1315 4.2093
styrene 0.0499 1.56966
toluene 0.0454 1.4515
o-xylene 0.0544 1.7418
1,2-dichloroethane 0.0499 1.5966
1,2,4-trichlorobenzene 0.0907 2.9030

Groupings: (specific chemicals)

Aldehydes: (propionaldehyde)

Alkenes: (camphene; 3-carene; limonene; p-mentha-1,5-diene; alpha-pinene; beta-pinene,)
Aromatic Substance: (cumene; p-cymene)

Organic Substance Containing Chlorine: (ethyl chioride;cis-1,2-dichloroethylene)

Xylene: (m,p-xylene)



Description:

Region: Southern

Species: Southern Yellow Pine

Manufacturing Process: Plywood and Laminated Veneer Lumber
Data Source: NCASI technical bulletin 768

VENEER REDRY EMISSIONS

Groupings g/MSF 3/8" basis g/MCF
aldehydes 0.3493 11.1765
alkenes 213.0512 6817.6391
aromatic 7.3935 236.5925
organic w/ chlorine 0.2359 7.5477
xylene 0.1542 4.9351
Specific emissions

methyl bromide 0.1361 4.3545
acetaldehyde 1.3154 42.0932
acrolein 0.3084 9.8701
benzene 0.1134 3.6287
vinyl chloride 0.0907 2.9030
formaldehyde 0.2948 9.4347
dichloromethane 0.1225 3.9190
phenol 0.6350 20.3208
methanol 21772 69.6714
acetone 0.6350 20.3208
methyl ethyl ketone 0.3901 12.4828
methy! I-butyl ketone 0.3719 11.9022
styrene 0.1497 4.7899
toluene 0.1315 4.2093
o-xylene 0.1542 4.9351
1,2-dichloroethane 0.1451 4.6448
1,2,4-trichlorobenzene 0.2631 8.4186

Groupings: (specific chemicals)

Aldehydes: (propionaldehyde)

Alkenes: (camphene; 3-carene; limonene; p-mentha-1,5-diene; alpha-pinene; beta-pinene,)
Aromatic Substance: (cumene; p-cymene)

Organic Substance Containing Chlorine: (ethyl chloride;cis-1,2-dichloroethylene)

Xylene: (m,p-xylene)
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Description:

Region: Pacific Northwest

Species: Douglas-fir

Manufacturing Process: Plywood and Laminated Veneer Lumber
Data Source: NCASI technical bulletin 768

VENEER COOLING EMISSIONS

Groupings g/MSF 3/8" basis g/MCF
aldehydes 3.8404 122.8927
alkenes 302.0909 9666.9101
aromatic 94.9515 3038.4482
organic w/ chlorine 2.9937 95.7982
xylene 0.4385 14.0311
Specific emissions

methyt bromide 1.7690 56.6080
acetaldehyde 1.6601 53.1245
acrolein 3.3414 106.9263
benzene 1.4515 46.4476
vinyl chloride 1.1642 37.2549
formaldehyde 0.9586 30.6748
dichloromethane 1.5876 50.8021
phenol 0.1512 4.8383
methanol 2.3284 74.5097
acetone 5.0348 161.1152
methyl ethyl ketone 4.3242 138.3752
methyl I-butyl ketone 2.4191 77.4127
styrene 1.93563 61.9302
toluene 1.7085 54.6727
o-xylene 0.2722 8.7089
1,2-dichloroethane 1.8597 59.5110
1,2,4-trichlorobenzene 3.4019 108.8616

Groupings: (specific chemicals)

Aldehydes: (propionaldehyde)

Alkenes: (camphene; 3-carene; limonene; p-mentha-1,5-diene; alpha-pinene; beta-pinene,)
Aromatic Substance: (cumene; p-cymene)

Organic Substance Containing Chlorine: (ethyl chloride;cis-1,2-dichioroethylene)

Xylene: (m,p-xylene)



Description:

Region: Southern

Species: Southern Yellow Pine

Manufacturing Process: Plywood and Laminated Veneer Lumber
Data Source: NCASI technical bulletin 768

VENEER COOLING EMISSIONS

Groupings g/MSF 3/8" basis
aldehydes 0.9516
alkenes 643.2479
aromatic 22.3614
organic w/ chlorine 0.7137
xylene 1.8079
Specific emissions

methyl bromide 0.4187
acetaldehyde 18.0795
acrolein 5.7093
benzene 3.7110
vinyl chloride 0.2759
formaldehyde 41.3924
dichloromethane 0.3759
phenol 1.3797
methanol 17.1279
acetone 27.2154
methyl ethyl ketone 1.0467
methyl I-butyl ketone 1.4749
styrene 0.5709
toluene 43771
o-xylene 0.4710
1,2-dichloroethane 0.4377
1,2,4-trichlorobenzene 0.8088

Groupings: (specific chemicals)
Aldehydes: (propionaldehyde)

100

g/MCF
30.4496
20583.9317
715.5657
22.8372
57.8542

13.3978
578.5425
182.6976
118.7535

8.8304
1324.5577

12.0276

44.1519
548.0929
870.8928

33.4946

47.1969

18.2698
140.0682

15.0726

14.0068

25.8822

Alkenes: (camphene; 3-carene; limonene; p-mentha-1,5-diene; alpha-pinene; beta-pinene,)

Aromatic Substance: (cumene; p-cymene)

Organic Substance Containing Chlorine: (ethyl chloride;cis-1,2-dichloroethylene)

Xylene: (m,p-xyiene)
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Description:

Region: Pacific Northwest and Southern

Species: Douglas-fir and Southern Yellow Pine

Manufacturing Process: Plywood and Laminated Veneer Lumber
Data Source: NCASI technical bulletin 768

DRY CHIP CYCLONE EMISSIONS

Groupings g/MSF 3/8" basis g/MCF
aldehydes 0.4989 15.9664
alkenes 46.2662 ) 1480.5178
aromatic 11.7933 377.3869
organic w/ chlorine 0.3765 12.0474
xylene 0.2495 7.9832
Specific emissions

methyl bromide 0.2223 7.1123
acetaldehyde 0.1950 6.2414
acrolein 0.4536 14.5149
benzene 0.1860 5.9511
vinyl chloride 0.1451 4.6448
formaldehyde 0.1089 3.4836
dichloromethane 0.1996 6.3865
phenol 0.6804 21.7723
methanol 3.9462 126.2795
acetone 0.1950 6.2414
methyl ethyl ketone 0.5897 18.8693
methyl I-butyl ketone 0.5443 17.4179
styrene 0.2449 7.8380
toluene 0.2177 6.9671
o-xylene 0.2495 7.9832
1,2-dichloroethane 0.2313 7.4026
1,2,4-trichlorobenzene 0.4264 13.6440
PM 5.4115 173.1669

Groupings: (specific chemicals)

Aldehydes: (propionaldehyde)

Alkenes: (camphene; 3-carene; limonene; p-mentha-1,5-diene; alpha-pinene; beta-pinene,)
Aromatic Substance: (cumene; p-cymene)

Organic Substance Containing Chlorine: (ethyl chloride;cis-1,2-dichloroethylene)

Xylene: (m,p-xylene)
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Description:

Region: Pacific Northwest

Species: Douglas-fir

Manufacturing Process: Plywood and Laminated Veneer Lumber
Data Source: All data from NCASI technical bulletin 768.

HOT PRESS EMISSIONS

Groupings g/MSF 3/8" basis g/MCF
aldehydes 1.5422 49.35059
alkenes 106.1401 3396.48192
aromatic 33.3389 1066.84368
organic w/ chlorine 3.7149 118.87687
xylene 0.6963 22.28034
Specific emissions

methyl bromide 0.6282 20.10311
acetaldehyde 0.1633 5.22536
acrolein 1.3608 43.54464
benzene 0.4241 13.57141
vinyl chioride 0.4014 12.84567
formaldehyde 0.4989 15.96637
dichloromethane 4.0324 129.03728
phenol 2.7669 88.54077
methanol 19.5044 624.13984
acetone 21772 69.67142
methyl ethyl ketone 0.1497 4.78991
methyl I-butyl ketone 12.2469 391.90176
styrene 0.6690 21.40945
toluene 0.5987 19.15964
o-xylene 0.6963 22.28034
1,2-dichloroethane 0.6373 20.39341
1,2,4-trichlorobenzene 1.1793 37.73869

Groupings: (specific chemicals)

Aldehydes: (propionaldehyde)

Alkenes: (camphene; 3-carene; limonene; p-mentha-1,5-diene; alpha-pinene; beta-pinene,)
Aromatic Substance: (cumene; p-cymene)

Organic Substance Containing Chiorine: (ethyl chloride;cis-1,2-dichloroethylene)

Xylene: (m,p-xylene)
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Description:

Region: Southern

Species: Southern Yellow Pine

Manufacturing Process: Plywood and Laminated Veneer Lumber

Data Source: Plywood data from NCASI technical bulletin 768, except PM data from
NCASI technical bulletin 694. LVL data from NCASI technical builetin 769.

HOT PRESSING EMISSIONS

Groupings g/MSF 3/8" basis g/MCF
aldehydes 0.7699 24.63655
alkenes 98.3596 3147.50566
aromatic 17.4509 558.42842
organic w/ chlorine 0.5581 17.85776
xylene 0.3667 11.73596
Specific emissions

methyl bromide 0.3294 10.54146
acetaldehyde 1.9233 61.54658
acrolein 0.6766 21.65030
benzene 0.2744 8.77957
vinyl chloride 0.2118 6.77878
formaldehyde 2.4673 78.95369
dichloromethane 0.2940 9.40668
phenol 0.1027 3.28487
methanol 68.8704 2203.85121
acetone 3.4133 109.22447
methyl ethyl ketone 0.8539 27.32417
methyl I-butyl ketone 0.0401 1.28409
styrene 0.3630 11.61651
toluene 0.3154 10.09352
o-xylene 0.3667 11.73596
1,2-dichloroethane 0.3453 11.04912
1,2,4-trichlorobenzene 0.6290 20.12731
PM 90.7180 2902.97600

Groupings: (specific chemicals)

Aldehydes: (propionaldehyde)

Alkenes: (camphene; 3-carene; limonene; p-mentha-1,5-diene; alpha-pinene; beta-pinene,)
Aromatic Substance: (cumene; p-cymene)

Organic Substance Containing Chlorine: (ethyl chloride;cis-1,2-dichloroethyiene)

Xylene: (m,p-xylene)
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Description:

Region: Pacific Northwest

Species: Douglas-fir

Manufacturing Process: Plywood and Laminated Veneer Lumber

Data Source: All data from NCASI technical bulletin 768, except PM data from NCASI
technical bulletin 694.

TRIM CYCLONE EMISSIONS

Groupings g/MSF 3/8" basis g/MCF
aldehydes 0.7257 23.2238
alkenes 59.4203 1901.4493
aromatic 16.3292 522.5357
organic w/ chlorine 0.5216 16.6921
xylene 0.3402 10.8862
Specific emissions

methyl bromide 0.3039 9.7250
acetaldehyde 0.7257 23.2238
acrolein 0.6350 20.3208
benzene 0.2495 7.9832
vinyl chloride 0.1996 6.3865
formaldehyde 0.1905 6.0962
dichloromethane 0.2722 8.7089
phenol 1.3154 42.0932
methanol 3.4019 108.8616
acetone 0.7257 23.2238
methyl ethyl ketone 0.8165 26.1268
methyl I-butyl ketone 0.7711 24.6753
styrene 0.3357 10.7410
toluene 0.2948 9.4347
o-xylene 0.3402 10.8862
1,2-dichloroethane 0.3175 10.1604
1,2,4-trichlorobenzene 0.5897 18.8693
PM 461.1275 14756.0799

Groupings: (specific chemicals)

Aldehydes: (propionaldehyde)

Alkenes: (camphene; 3-carene; limonene; p-mentha-1,5-diene; alpha-pinene; beta-pinene,)
Aromatic Substance: (cumene; p-cymene)

Organic Substance Containing Chlorine: (ethyl chloride;cis-1,2-dichloroethylene)

Xylene: (m,p-xylene)
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Description:

Region: Southern

Species: Southern Yellow Pine

Manufacturing Process: Plywood and Laminated Veneer Lumber

Data Source: All data from NCASI technical bulletin 768, except PM data from NCASI.
technical bulletin 694.

TRIM CYCLONE EMISSIONS

Groupings g/MSF 3/8" basis g/MCF
aldehydes 0.7257 23.2238
alkenes 59.4203 1901.4493
aromatic 16.3292 522.5357
organic w/ chlorine 0.5216 16.6921
xylene 0.3402 10.8862
Specific emissions

methyl bromide 0.3039 9.7250
acetaldehyde 0.7257 23.2238
acrolein 0.6350 20.3208
benzene 0.2495 7.9832
vinyl chloride 0.1996 6.3865
formaldehyde 0.1905 6.0962
dichloromethane 0.2722 8.7089
phenol 1.3154 42.0932
methanol 3.4019 108.8616
acetone 0.7257 23.2238
methyl ethyl ketone 0.8165 26.1268
methyl I-butyl ketone 0.7711 24.6753
styrene 0.3357 10.7410
toluene 0.2948 9.4347
o-xylene 0.3402 10.8862
1,2-dichloroethane 0.3175 10.1604
1,2,4-trichlorobenzene 0.5897 18.8693
PM 461.1275 14756.0799

Groupings: (specific chemicals)

Aldehydes: (propionaldehyde)

Alkenes: (camphene; 3-carene; limonene; p-mentha-1,5-diene; alpha-pinene; beta-pinene,)
Aromatic Substance: (cumene; p-cymene)

Organic Substance Containing Chlorine: (ethyl chloride;cis-1,2-dichioroethylene)

Xylene: (m,p-xylene)
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Description:

Region: Pacific Northwest and Southern

Species: Douglas-fir and Southern Yellow Pine

Manufacturing Process: Plywood and Laminated Veneer Lumber

Data Source: All data from NCASI technical bulletin 768, except PM data from NCASI
technical bulletin 694.

SAWDUST CYCLONE EMISSIONS

Groupings g/MSF 3/8" basis g/MCF
aldehydes _ 0.6350 20.3208
alkenes ' 50.8021 1625.6666
aromatic 14.5149 464.4762
organic w/ chlorine 0.4581 14.6600
xylene 0.2994 9.5798
Specific emissions

methyl bromide 0.2676 8.5638
acetaldehyde 0.1950 6.2414
acrolein 0.5443 17.4179
benzene 0.2223 7.1123
vinyl chloride 0.1769 5.6608
formaldehyde 0.1225 3.9190
dichloromethane 0.2404 7.6929
phenol 1.1340 36.2872
methanol 5.4431 174.1786
acetone 0.8618 27.5783
methyl ethyl ketone 0.7257 23.2238
methyl I-butyl ketone , 0.6804 21.7723
styrene 0.2948 9.4347
toluene 0.2631 8.4186
o-xylene 0.2994 9.5798
1,2-dichloroethane 0.2812 8.9992
1,2,4-trichlorobenzene 0.4989 16.9664
PM 528.0014 16896.0453

Groupings: (specific chemicals)

Aldehydes: (propionaldehyde)

Alkenes: (camphene; 3-carene; limonene; p-mentha-1,5-diene; alpha-pinene; beta-pinene,)
Aromatic Substance: (cumene; p-cymene)

Organic Substance Containing Chlorine: (ethyl chloride;cis-1,2-dichloroethylene)

Xylene: (m,p-xylene)
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Table 21: Phenol-formaldehyde production for Douglas-fir in the Pacific Northwest
(Source: Forintek Canada Corp, 1993)

Inputs

Energy feedstock Gj/metric ton resin m*MSF 3/8" basis m*/MCF
Natural Gas 20.5000 10.0250 475.8213

Gj/MSF 3/8" basis Gj/MCF
Petroleum 31.4000 0.5839 27.71117
Process Energy : liters/MSF 3/8" basis liters/MCF
Heavy Oil * 1.4500 0.7930 37.6377
Gasoline ** 0.0100 0.0055 0.2596

m*MSF 3/8" basis m*MCF
Natural Gas 26.9000 13.1548 624.3703

Gj/MSF 3/8" basis Gj/MCF
Electricity 5.1000 0.0948 4.5010
Transportation Energy tonne-km/MSF 3/8" basis  tonne-km/MCF
Road *** 1.1700 14.6994 697.6834
Rail **** 0.3400 12.9020 612.3745

Emissions

Groupings kg/metric ton resin Ib/MSF 3/8" basis Ib/MCF
aromatic 0.0060 0.0002 0.0116
VOC 1.4850 0.0609 2.8898
Specific Emissions
formaldehyde 1.3177 0.0540 2.5642
phenol 1.7402 0.0713 3.3864
benzene 0.0007 0.0000 0.0014
NOy 3.242 0.1329 6.3089
coO 0.998 0.0409 1.9421
CO, 1551.000 63.5910 3018.2460
SO, 1.260 0.0517 2.4520
CH, 0.088 0.0036 0.1712
Particulates 1.6390 0.0672 3.1895

Groupings: (specific chemicals)
Aromatic Substance: (cumene)

VOC: not specified

* Conversion factor used: 34 Gj/1000 liters
** Conversion factor used: 33.6 Gj/1000 liters
*** Conversion factor used: 1.48 Mj/tonne-km

**** Conversion factor used: 0.49 Mj/tonne-km
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Table 22: Phenol-formaldehyde production for southern yellow pine in the southern
region (Source: Forintek Canada Corp, 1993)

Inputs

Energy feedstock Gj/metric ton resin Ib/MSF 3/8" basis Ib/MCF
Natural Gas 20.5000 11.2476 541.1061

Gj/MSF 3/8" basis Gj/MCF
Petroleum 31.4000 0.6551 31.5139
Process Energy liters/MSF 3/8" basis liters/MCF
Heavy Oil 1.4500 0.8897 42.8018
Gasoline 0.0100 0.0062 0.2987

m*/MSF 3/8" basis m*MCF
Natural Gas 26.9000 14.7590 710.0368

Gj/MSF 3/8" basis Gj/MCF
Electricity 5.1000 0.1064 5.1185
Transportation Energy tonne-km/MSF 3/8" basis tonne-km/MCF
Road *** 1.1700 16.4920 793.4087
Rail **** 0.3400 14.4755 696.3950

Emissions

Groupings kg/metric ton resin Ib/MSF 3/8" basis Ib/MCF
aromatic 0.0060 0.0003 0.0132
VOC 1.4850 0.0683 3.2863
Specific Emissions
formaldehyde 1.3177 0.0606 2.9160
phenol 1.7402 0.0800 3.8511
benzene 0.0007 0.0000 0.0015
NO, 3.242 0.1491 7.1745
(070) 0.998 0.0459 2.2086
Co, 1551.000 71.3460 3432.3630
SO, 1.260 0.0580 2.7884
CH, 0.088 0.0040 0.1947
Particulates 1.6390 0.0754 3.6271

Groupings: (specific chemicals)
Aromatic Substance: (cumene)

VOC: not specified

* Conversion factor used: 34 Gj/1000 liters

** Conversion factor used: 33.6 Gj/1000 liters
*** Conversion factor used: 1.48 Mj/tonne-km
**** Conversion factor used: 0.49 Mj/tonne-km
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Table 23: Distribution of electrical end-use for plywood mills in Oregon (Source:
*Qrist and Karmous, 1988 and **Energy Extension Office, 2000)

Description Percent* | Weighting for | Weighted Breakdown of End
Breakdown of End Use Categories™*
Use Numbers**

Debarker, Lathe, and Clippers 21 0.44 Debarker 9.2
0.56 |Lathe and Clippers 11.8
Chippers, Conveyors 28 0.8 Chippers 224
0.2 Conveyors 5.6
Dryers 14 1 Dryers 14.0
Hot Presses Lay-up and Finishing 14 0.58 Hot Presses Lay-up 8.1
0.42 Finishing 5.9
Compressed Air 1 1 Compressed Air 11.0
Lights and Misc. 12 0.52 Lights 6.2
0.48 Misc 5.8

totall 100 total] 100

Table 24: Distribution of electrical use by machine center (number from Table 23)

Machine Center | Initial | Allocation of | Allocation of{ Allocation of| Allocation of %
%* chipper conveyor light air breakdown
electrical electrical use*,**** | compressor after
use*,** use’ use*,***** | allocation
Debarking/Bucking | 9.2 - 1.3 - 1.9 124
Conditioning 58 - - - 1.2 6.9
Peeling/Clipping 11.8 - 1.6 1.8 24 17.6
Drying 14.0 15.8 1.9 2.2 2.8 36.7
Lay-up/Pressing 8.1 - - 1.3 1.6 11.0
Trim/Sawing 59 6.6 0.8 0.9 1.2 15.4
Total 54.8 224 5.6 6.2 11.0 100.0

Note that all allocation done based on intial % usage.
*original data from ODOE report broken down using data from the OSU energy extension office.
**Allocated to the processes for which NCASI has chipper data.
***Allocated to the processes that use conveyors.
****Allocated to processes to would use lighting, mainly indoor processes.

*****Allocated to all processes.
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" Table 244: Estimates of Energy input at Electric Utilities, Selected Years 1960-1997, Oregon .

g G B Cosl.and Lignite | Anthracite | Total - Qest. - - | oude Onbd |- Cokeb .. | Tots Power Power® Waste EBrorgy - | Otherds
oo n - ot
- N T Yeer . ‘Thousend Short Tons Cubic Fest - Thoussnd Barrels . MiMion Kiiowstthours Total ¢
0 280

B ’mmdmuwmmyumummm—‘

msun'mwmmmammmk :
°mmn—cmnmmmm mmmummum 4.! and 8 and

residusl fusl olls.

-4 Prigr W-198D, “mummmm.mpmmmmﬁm Tghtol .

mm:alm1mz.mmnm
e ttropgh 1669; of

mdmmummnmbm

256

mmo.ma-wym-md -

1.1 "Other' ls for fromwind, mmmm
Rt ) from 1990, inckudes net imports.of ) from -'-uymm
shown in other columne. MMMMT‘N‘M .
. ReReviesd deta. . .
— shot applicable.
(-mmu-moummummumos .
.- Note:  Totals may. not squal sum of e 0. . R
- Sources: - Data- 30uroes, ond & ore inthe o his -

Energy information Administration
State Energy Data Report 1947 )

L7 2m31g

.
.

u03921(Q) ur uoneIduasd ALY

911



zoqmze:mﬁi

Table 304. Estimates of Energy Input at Electric Utilities, Selected Years 1960-1997, Washington

-X-1

coc oo o

* Inchudes supplemental geeecus fusls. '

b mmdmum-mmhmwmmmmm
methodaiogies. See the “Additional Notes® under sach type of energy in Appendix A. -
- Prior to 1960, Wmoludmmm saneﬁuo mwumuwalm 4, s maw

- shown in othercolumns. Sndohan'hﬂoM,

'wummummmmmwmm
-9 #f appiicable, from 1990, inchuxdes net of

. ‘R=Revised dsta.

mmm = =Not
9 Prior4o 1960, MMammmmmpMmmm&mmma - (Mmumommmmmumos
includes fusl ol nos. 1 and 2, keroeens, and jet fuel:- . Note: Totasis may not equal sum of comp “due fo . .
* Through 1989, includes all.net imports of electriclty, lnd.hmim Mwmmammm :..». Sources: -Outa sources, . and e Inthe 10 this
of that is derived power. report. . - . : : co
: . © Energy Inf tion Admint J
316 - L - State Energy Data Report 1997

87 231

uoj3uryse |\ ul uoneioudd ANooasg

LT11



118

APPENDIX E



119

Pacific Northwest plywood machine center energy distribution (MJ/MSF 3/8" basis):

Electricity Consumption: 562 MJ

Heat Consumption: 3,452 MJ

Debarking and Bucking:

Electricity from coal: 3IMJ

Electricity from nat. gas: 1MJ

Electricity from uranuim: 3IMmJ

Electricity from hydro: 61 MJ

Conditioning:

Electricity from coal: 2MJ

Electricity from nat. gas: omMJ

Electricity from uranuim: 2MJ

Electricity from hydro: 40 MJ

Heat from hog fuel: 769 MJ

Heat from nat. gas: 236 MJ

Heat from DFO: 20 MJ

Heat from LPG: 10 MJ

Peeling and Clipping:

Electricity from coal: 5MJ

Electricity from nat. gas: 1MJ

Electricity from uranuim: 4MJ

Electricity from hydro: 86 MJ

Drying: Chipping:

Electricity from coal: 5MJ  Electricity from coal: 1MJ
Electricity from nat. gas: 1M Electricity from nat. gas: oMJ
Electricity from uranuim: 4MJ Electricity from uranuim: 1MJ
Electricity from hydro: 96 MJ Electricity from hydro: 25 MJ
Heat from hog fuel: ’ 1,409 MJ

Heat from nat. gas: 433 MJ

Heat from DFO: 37 MJ

Heat from LPG: 18 MJ

Pressing:

Electricity from coal: 3MJ

Electricity from nat. gas: 1MJ

Electricity from uranuim: KRN

Electricity from hydro: 61 MJ

Heat from hog fuel: 384 MJ

Heat from nat. gas: 118 MJ

Heat from DFO: 10 MJ

Heat from LPG: 5MJ

Trimming and Sawing: Chipping:

Electricity from coal: 3MJ Electricity from coal: 5MJ
Electricity from nat. gas: ; 1M Electricity from nat. gas: 1MJ
Electricity from uranuim: 2 MJ  Electricity from uranuim: 4MJ

Electricity from hydro: 51 MJ Electricity from hydro: 86 MJ
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Pacific Northwest LVL machine center energy distribution (MJ/MCF):

Electricity Consumption: 17,995 MJ

Heat Consumption: 110,471 MJ

Debarking and Bucking: ,

Electricity from coal: 108 MJ

Electricity from nat. gas: 22 MJ

Electricity from uranuim: 86 MJ

Electricity from hydro: 1,943 MJ

Conditioning:

Electricity from coal: 72 MJ

Electricity from nat. gas: 14 MJ

Electricity from uranuim: 58 MJ

Electricity from hydro: 1,296 MJ

Heat from hog fuel: 24,599 MJ

Heat from nat. gas: 7,564 MJ

Heat from DFO: 650 MJ

Heat from LPG: 308 MJ

Peeling and Clipping:

Electricity from coal: 153 MJ

Electricity from nat. gas: 31 MJ

Electricity from uranuim: 122 MJ

Electricity from hydro: 2,753 MJ

Drying: Chipping:

Electricity from coal: 171 MJ Electricity from coal: 45 MJ
Electricity from nat. gas: 34 MJ Electricity from nat. gas: 9MJ
Electricity from uranuim: 137 MJ Electricity from uranuim: 36 MJ
Electricity from hydro: 3,077 MJ Electricity from hydro: 810 MJ
Heat from hog fuel: 45,098 MJ

Heat from nat. gas: 13,867 MJ

Heat from DFO: 1.191 MJ

Heat from LPG: 564 MJ

Pressing:

Electricity from coal: 108 MJ

Electricity from nat. gas: 22 MJ

Electricity from uranuim: 86 MJ

Electricity from hydro: 1,943 MJ

Heat from hog fuel: 12,299 MJ

Heat from nat. gas: 3,782 MJ

Heat from DFO: 325 MJ

Heat from LPG: 154 MJ

Trimming and Sawing: Chipping:

Electricity from coal: 90 MJ Electricity from coal: 153 MJ
Electricity from nat. gas: 18 MJ Electricity from nat. gas: 31 MJ
Electricity from uranuim: 72 MJ Electricity from uranuim: 122 MJ

Electricity from hydro: 1,620 MJ Electricity from hydro: 2,753 MJ



Southern plywood machine center energy distribution (MJ/MSF 3/8" basis):

Electricity Consumption:
Heat Consumption:

Debarking and Bucking:

Electricity from coal:
Electricity from nat. gas:
Electricity from uranuim:
Electricity from hydro:

Electricity from petroleum:

Conditioning:
Electricity from coal:
Electricity from nat. gas:
Electricity from uranuim:
Electricity from hydro:

Electricity from petroleum:

Heat from hog fuel:
Heat from nat. gas:
Heat from DFO:

Heat from LPG:
Peeling and Clipping:
Electricity from coal:
Electricity from nat. gas:
Electricity from uranuim:
Electricity from hydro:

Electricity from petroleum:

Drying:

Electricity from coal:
Electricity from nat. gas:
Electricity from uranuim:
Electricity from hydro:

Electricity from petroleum:

Heat from hog fuel:
Heat from nat. gas:
Heat from DFO:

Heat from LPG:
Pressing:

Electricity from coal:
Electricity from nat. gas:
Electricity from uranuim:
Electricity from hydro:

Electricity from petroleum:

Heat from hog fuel:
Heat from nat. gas:
Heat from DFO:

Heat from LPG:
Trimming and Sawing:
Electricity from coal:
Electricity from nat. gas:
Electricity from uranuim:
Electricity from hydro:

Electricity from petroleum:

395 MJ
3,975 MJ

26 MJ
6 MJ
13 MJ
2MJ
omJ

17 MJ
4 MJ
IMJ
2MJ
oMJ

595 MJ
576 MJ

10 MJ

11MJ

37MJ
8MJ
18 MJ
3IMJ
1MJ

41 MJ
IMJ

20 MJ
4MJ
1MJ
1,091 MJ
1,056 MJ
18 MJ
20 MJ

26 MJ
6 MJ
13 MJ
2MmJ
omJ
208 MJ
288 MJ
5MJ
5MJ

22 MJ
5MJ
11 MJ
2MJ
omJ

Chipping:

Electricity from coal: 11MJ
Electricity from nat. gas: 2MJ
Electricity from uranuim: 5MJ
Electricity from hydro: 1M

Electricity from petroleum: 0 MJ

Chipping:

Electricity from coal: 37MJ
Electricity from nat. gas: s MJ
Electricity from uranuim: 18 MJ
Electricity from hydro: KYN
Electricity from petroleum: 1 MJ
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Southeast LVL machine center energy distribution (MJ/MCF):

Electricity Consumption:
Heat Consumption:

Debarking and Bucking:

Electricity from coal:
Electricity from nat. gas:
Electricity from uranuim:
Electricity from hydro:

Electricity from petroleum:

Conditioning:
Electricity from coal:
Electricity from nat. gas:
Electricity from uranuim:
Electricity from hydro:

Electricity from petroleum:

Heat from hog fuel:
Heat from nat. gas:
Heat from DFO:

Heat from LPG:
Peeling and Clipping:
Electricity from coal:
Electricity from nat. gas:
Electricity from uranuim:
Electricity from hydro:

Electricity from petroleum:

Drying:

Electricity from coal:
Electricity from nat. gas:
Electricity from uranuim:
Electricity from hydro:

Electricity from petroleum:

Heat from hog fuel:
Heat from nat. gas:
Heat from DFO:

Heat from LPG:
Pressing:

Electricity from coal:
Electricity from nat. gas:
Electricity from uranuim:
Electricity from hydro:

Electricity from petroleum:

Heat from hog fuel:
Heat from nat. gas:
Heat from DFO:

Heat from LPG:
Trimming and Sawing:
Electricity from coal:
Electricity from nat. gas:
Electricity from uranuim:
Electricity from hydro:

Electricity from petroleum:

12,642 MJ

127,195 MJ

834 MJ
182 MJ
410 MJ
76 MJ
15 MJ

556 MJ
121 MJ
273 MJ
51 MJ

10 MJ
19,041 MJ
18,440 MJ
316 MJ
347 MJ

1,182 MJ
258 MJ
580 MJ
107 MJ

21MJ

1,321 MJ
288 MJ
649 MJ
120 MJ

24 MJ
34,909 MJ
33,807 MJ

580 MJ
636 MJ

834 MJ
182 MJ
410 MJ
76 MJ
15MJ
9,621 MJ
9,220 MJ
158 MJ
173 MJ

695 MJ
152 MJ
341 MJ
63 MJ
13 MJ

Chipping:

Electricity from coal: 348 MJ
Electricity from nat. gas: 76 MJ
Electricity from uranuim: 171 MJ
Electricity from hydro: 32MJ
Electricity from petroleum: 6 MJ
Chipping:

Electricity from coal: 1,182 MJ
Electricity from nat. gas: 258 MJ
Electricity from uranuim: 580 MJ
Electricity from hydro: 107 MJ
Electricity from petroleum: 21 MJ
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APPENDIX F
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Figure 29: Substances included in the damage categories for the Eco-indicator99
methodology. This list includes normalized and weighted damage factors for each
substance (Source: Goedkoop and Spriensma, 2000).

Annex I to the Eco-indicator 99 methodology report, 17 April 2000

. A Jformaiden; .91E-07 | 6.44E-05] 257€-02
1 Damage factors in the Air " Jgamma-HCH {Lindane] | 34BE-04 | 2 27€-02] 6.00E+00
. . . Air Hexachlorobenzene .25E-02 | 5.36E+00] ‘.14613

A imetals 20E-03 | 3.38E-01] 1.35€
hierarchist perspective = 20605 | 29 01 1368402
Air Nickel-refinery-dust 4.74E-02 | 3.08E+00; 1.23E+03
(default) (H,A) Alr___[Nickel-subsulfide 9.48E-02 | 6.16E+00] 2 46E+03
A |PAH'S -70E-04 | 1.10E-02| 4 42E+00]
This annex lists the Eco-indicator 89 damage factors for the sub Alr }Eeﬂ._'d“d‘“e‘ soot S78E06 | 6.35E-04] 2.54€.01]
Hists that can be found inmostpopwarﬁc?kgdatabases. Inthis case the |lAlr___{Polychiorobiphenyls .97E -28E-01} 5.12E+01)
hiesarchist perspective is used, combined with the default (average) Air ntachlorophenal 7.21E-03 | 4.68E-01] 1.87E+02
welghting factors. Next to the damage factors two columns are added Alr eneoxide 1.17E-051 7.60E-04] 3.04E-01]
with the normalised and weighted d ges. The nc ksation factors Air 244E-08 | 1.58E-06] 6.34E-04]
and the weights are specified below: Air 4.82E-0 3.135-4# 25E-02
Air 3BE-04 | 5.44E-02 2.18E+01]
Normalisati Woeigh AT 2.63E-05 | 1.71E-03! 6.83E-01
Human Health 1.54€-02 400 Al 2.006-07 | 1.36E-05] 5.43E-03
Ecosystem Quality 5.13E+03 400 W 24E.03 | 8.05E-02] 3.22E+01
Resources 8.41E403 206 GBE-05 | 1.94E-03] 7.74E-01
.37€-04 | 2.19E-02] 8.75E+00
Below the kmpact categories are listed per damage category. 21607 | 5.98E-05] 2.396-02
05605 .eze-oa} > 73601
9.23E-07 | 5.90E-05] 2.40E-02
1.1 Damage category Human S 0s |5 70E 0 beE s
6.85E-03 | 4.45€-01] 1.78E+02
Health (H,A) 6.57€-02 | 4.27E+001 1.71E+03]
S4E-02 | 1.00€+00] 4.00E+02

The human health damages are specified in DALYSs. This is short for
Disability Adjusted Life Years. A damage of 1 means one life year of
one individual is fost, or one person suffers four year from a disability
with a weight of 0.25.

4.12E-06 ] 2.66E-04] 1.07E-01)
01] 1.71E+04)
295 | 1.04€+02| 7.776+04

9.46E-03 | 6.14EL 1; 2.46€+02
3 98E-05 .29E-03 5.14E-01
1.1.1 Carcinogenic effects on humans 75603 | 3 T3E.01] 1 49E+02]
(H,A) 36E-06 | 6. 2.43E-01)
For the fate and exposure it is impotiant to distinguish emissions to soil 2E-02 | 4.62E+00] 1.85€+03]
between emissions in industnal {ind.} or agricultural {agr.) soil. All Water_}Chromium (Vi) . 43E - 2.23E+01} 8.91E+03]
issions of pesticides are d to occur in agricultural soil. all Water_|di(2-ethylhexylphthalate 1 6.64E-04 | 4.31E-02! 1.72E+01]
other emissions are d to oceur in industrial (or urban) soil. No Water_|dibenz(ajanthracens 4.07E+01] 2.64E+03| 1.0BE +06,
direct emissions are assurned to occur in naturat soif. \Water |dichloromethane 4.97E-07 | 3.23E-05} 1.29E-02]
Fate factors are calculated with EUSES. Substances from IARC Water |Dichlorvos 17E-05 | 7.GOE-04! 3.04E-01
substances groups 1, 2a and 2b are included. Water |dioxins (TEQ) 2.02E+03] 1.31E+05] 5.256+07
All damage factors are expressed per kg emission. The unit of damage |Water_jepichioorhydrin 990 ( ; 43E-051 2.57€-02]
is DALYs. > -
Com- jSubstances Damage {Nom Woeighted :
part- factor } damage | damage
iment factor factor |
Alr 1,2-dibromosthane 2.60E-04 | 1.69E- al 6.75E+00]
Air .2-dichioroethane 2.98E-05 | 1.84E-03| 7.74E-01
Air 3-butadiene .58E-05; 1.03E-03] 4.10E
Alr 4-dioxane .39E-07 | 9.03E-06] 3.61E-03
Air 2.4.6-trichiorophenot 2.05E-06 | 1.33E-04 2E-02
Air’ acetaldeh; 2.16E-07 |_1.40E-05] 5.61E-03]
Alr i .69E-05 | 1.10E-03] 4.39E-01]
Alr orocyciohexan | 3.00E-04 | 1.95€-02; 7.79E+00
Alr Arsenic 2.46E-02 { 1.60E+00; 6.3SE+02
Air Bis{chloromethyljether 7. 48E 4.86E-01} 1.94E+
Alr benzene .50E-06 | 1.62E-04] 6.49E-0:
Alr___|benzo{ajanthracens 5.86E-02 | 3.81E+00] 1.52E403]
Alr benzo{a)pyrene .98E-03 | 2.58E-01] 1.03E+02
Air benzotrichioride .60E-03 | 4.20E-01] 1.71E+02
Air benzyichloride .04E-0 .75E-04} 2.70E-01]
Alr beta-chiorocyclohexan .99€-05 49E-03] 2 59E+00)
Air _Ibromodichioromethane .76E-06 | 5.69E-04] 2.28E-01]
Al Cadmium .35E-01 | 8.77E+00] 3.51E+03]
Air Chroriurn (Vi) 1.75 1.14E+ )21 4.55E+04
Air di(2-ethylhexyl)phthalate | 3.38E-05 | 2.19E-03] 8.78E.01)
Air dibenz{a)anthracene 3.10E+01{ 2.01E+03{ 8.05E+05
Alr dichloromethane 4.36E-07 | 2.83E-05{ 1.13E-02 50l
Air Dichlorvos . 15E-05 | 2.05E-03] 8.18E-O1 o
Air 2.3.7.8-TCOD Dioxin 1.78E+02 | 1.16E+04] 4.65E+08 s
Alr epichiorohydrin .02E-07 | 1.96E-05} 7.84E-C3 {Soi 0
Air sthylene oxide 1.83E-04 | 1.19E-02{ 4.75E+00) S 4 16E-05T 37050513 OBE+00
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Figure 29: Continued

Annexe 1 to the Eco-indicator 99 meihodology report, 17 April 2000

Soll__|betarchlorocydioheran (agr )| 7.96E-03 | 4.78E-01] 1.01E+02
ISoll__|bromodichioromethane (ind.)| 7.62€-05| 5.08E-03] 2.
[Soll__|Cadmium (ind) .98E-03 | 2.58E-01] 1.03E+02
Soll___|Chromium (ind.) - .71E-01 | 1.76E+01] 7.04E+03|
Soi " |a@-etihaylphiaiaiid)] 3.18E07 -06] 8.26E.03
Soil | dibenz{a)arthracens (ind.) | 2 44E+01| 1.58E+03] 6.34E+05
ISoil___Jdichioromethane (ind.) .90E-06 | 3.89E-04] 1.56E-01
ISl | Dichorvos (agr. 2256051 1 5.84E-01
[Soil__[2,3,7.8-TCOD Dioxin (ind.)| _7.06 _| 4.58E+02] 1.83E+05
(Sl opichioarydrin (ind.) 30606 | 8.44E-05] 3.38F
[Scil " Jethylesncxide (ind.) .38E03 | 1.56€-01] 8.18E+01
[Soil Jformaidehyde (ind.) “83E-06 | 1.19€-04] 4.75E-02
[So— {gemma HCH (Lindens) (agr) | 8.64E-03 | 5.61E-01] 2.24E+02)
Soil__[hexachiorobenzene (ind.) | 1.47E-01 | 9.65E+00] 3.82E+03)
Soll | Nickel (ind) 84E03 | 2 56E-01] 1.02E+02
Sol _ [Nickel-refinery-dust (ind.) | 6.37€-03] 4 14E-01 402
Solt Nickel-subsulfide ) .27E-02 | 8.25E-01] 3.30E+02

112 Respiratory effects on humans

caused by organic substances (H,A)

: - Air th
_This impact category replaces more of less the summer smog category. |fAir ethers

Fate analysis is based on empirical data. - Air t sther
Al damage factors are expressed per kg emitted substance. The unitof |[a) eihylacetate

damage is DALYS. o Air ethylbenzene
part- Al formic acld

i richioroethane i -
A TLL Alr hexans

ir ,2,3-timethyl benzene A -buta
Alr 2, 4-trimethyl berzens A’: e
Alr 3,5 benzene L jbutand 061
o : Alr___[Fbutyraldehyde 1E-06 1E05| 2.88E-02
s e EoTio e

- ) RE .

- Al [rpropyl acetate_ ) 90E-05] 1.196-02
" ‘Ar- . -Egg_lﬂ benzene .21E-05] 2.88E-02
Air Alr - C . SSE-04| 6:18E:02
i Ar__ketones 65E05[ 2 26E-02
A | Alr {olusne A4E-04]| 8.74E-02
T Al : .S5E-04] 6.18ED2
o Air _ 31E-07| 3.32604
Air Alr’ methanol 82€. -J0E-03|
I Alr - acetate 62E-06] 2.65€-03
A Alr. _ chioride . 21E-07|. 2.88E-04|
A Al ketone -06] . 2.10E-02,
A Al - E-06] . 1.86E-03
A Alr N Y ketone 62E. .85E-02
Ak Alr ketone . 5.08E-05] 2.03E-02]
A Alr - . 8.83E-05] : 3.53E.
7 Al ether 2.16E-05| 6.62E-03
I Al net ketone .| 8.98E-07 _1535 _1.81E-02
Al Alr n-butanol - . -36E-06.| 8.83E-05| 3.53E-02
™3 Alr tyl acetate 19E-07 | 3.S7E-05] {35602
[T Ar___ [nbufyraidehyde 70E06 | 1.10E-04] 4.42E:
e A Inpropanal | 1.19E-08 | 7.73E-05] 3.00E-02
vy Ak In-propyl acetate 6.21E07.|_ 4.03E-05], 1.61E-02
I3 Al In-propyl benzene. - .36E-06 | 8.83E-05| 02
o Ar |necpentane_ 74E-07 | 2.43E-05[ 9.71E-03
iy A INMVOC 28E06 | 8.31E-05| 3.32E
v Al nonane AS1EQ7 | 553E05] 2.21E
A Ar thyl toluene -H6E-08 :27E-04| 5.09E£-02
v ¥ LEm 2.30E-06| 1.49E-04] 5.97E-02
i Ar foctane 9.36E-07 | 6.08E-05] 2.43E-02
v Alr.___Jp-ethyl toluene 1.96E-06 .27E-04] 5.09E
1

—
E-N
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Figure 29: Continued

Annex 1 to the Eco-indicator 99 methodology report; 17 April 2000

r one 221608 ' A0E03] 9.09E-02
c 16208 CFC ,zoe«,:{:Laeoz
r S1E07 CFC-113 . 30E-04] 4.09E02
i 83E-07 CFC-A2 1.40E-03] 9.09E-02
r diol 02E06 carbon Gioxide 2.10E-07] 1.38E-05
r  3BE06| 1 chiorids 90E-06]_1.236-04 |
ir acde 23607] ¢ HALON-1301 7.10E-03] 4.61E+
ik |s-butanol 51E-07 HCFC-123 60E-06| 4.20€-04
i {s-butyl acetats 79E07 HOFC-124 50E-05] 5.52E-03
: 64E07 HCFC141b 20605 3.38E-03.
36E07 HCFC 1420 406-04] 221E-02

THCFCZ2 .B0E-04] 1.826-02
_70E-04] 3.706-02

§§
2l51&
AN

R R R R

47E-08 HFC-134a
HFC-143
. 38E-06 HFC-143a
ichic .98E-07 | 4

Ichlowlovm 4.94E-08 HFC-2270a
undecane 26E-07] 6. HFC-23 . .
Jvoc 46E07| 4. HFC-236fa
Ixylene .21E-06 HFC-245ca

113 Respiratory effects on humans
caused by inorganic substances (H,A)
This impact catagory replaces more or less the winter smog category.

Fate analysis is based on empirical data.
Al damage factors are expressed per kg emission. The unit of damage

PR R R e R e e Pl e
B | R | |5 R | B | R R R [ | | B | R | B | | R S R | £ | B || | R | R | % | R
=
5]

3

‘Is DALYs.
TS : W
part- 0 .
ment | _factor o .
Ar ammonia |2.21E+00 - »
Ar__dust (PM10) [0.746%00] |1.1.5 Human health effects caused by
Ak |dust (PM2.5 [1.82E+01 . _
o I‘WL—) | |ionising radiation (H,A) o )
:' %:gz :Em Fate-, and exposure models are based on studies for the French nuclear
B — So==—=1 | industry. All damage factors are based on a reldase of 1 Baquerel (8q).
Air___INOx 2.30E400} | 14 unit of damage is DALYS. :
[Air___|NOx (as NOZ}. [2.306+00 : . »
AIr__[s02 5 [1426+00] |(Eom TSubetancas Damage [Nommalised| Weighted
A [s03 437605 | 284603 [1.14€+00] [loart- factor | damage | damage
Air  [SOx 5.46E-05 | 3.55€-03 |1.42E+00] |lment factor factor
Alr___|SOx (as SO2) 546E05] 3.55E-03 [1.42E+00] |{wr _C-1a_ 2.10E-10] 1.36E-08 | 5.45€-06
A [Co58 ' 4.30E-13] 2.79E-11 | 1.12E-08
Ar_[Co60 (60E-11| 1.04E-00 | 4.16E-07
114 Damages to human health caused A JCeix 20611} 1T8E.10 ;;szg;
AIr R = - ..
by climate change (H,A) Ar 03 ‘ 40E-14] 9.086-13 | 3.64E-10
A 12  40E-10] 6. T2.4
Damage calculation was performed over a time scale of 200 years.  [[Ae—T{Erar—— A S s | ZUE
e P arae onoge s ot 1A 11133 | 9.40E-15] 6.10E-13 | 2.44E-10
calculation Is made for CO2, CHé enCHe: N s A0E 16} S00e-19 | S84tz
. Gasses with an atmospheric ifstime below 20 years are assumed |- - - = .
1o behave fike methant i |Po210 S0E-12| 9. 74E-11 | 3.90E 108
¢ Gasses with an stmospheric Hietime betwoen 20 and 100 years  [[A {EU S S0E-11] 530600 [ 216600
behave like CO2 ' ' - | 6.706-11] 4. .
‘e ' Gasses with an atmospheric fifetime oh more than 100 years are Air Ra-228 . 10E-13} 5.91E-11-| 2.36E-08
! assumed to behave like N20 Alr Rn-222 -  40E-14] 1.56E-12 | 6.23E-10
This meana that the IPCC equivalency factor table is spiit in three Alr__[Th-230 4.50E-11] 2.92E-09 | 1.17E-06]
groups. : i Alr U234 : .70E-11] 6.30E-08 |
Al damage factors are expressed per kg substance. The unit of damage |Air U235 . .10E- -36E-08 | 5.45E-07,
Is DALYs. A |U238 206-12| 5.326-10 | 2.13E-07
______ A %e133 A0E-16] 0.09E-15 | 3.64E-12)
Damag Weighiad [Ag-110m 5.10E-13| 3.31E-11 | 1.32E-08
factor . m damage Co58 4.10E-14] 2.66E-12 | 1.06E:00
I |__factor Co-60 4.40E-11] 2.86E. KX
43608} -2 TOE-03 [-1.12E+00) [Cs-134 “4?55‘; ) :.u‘:ﬁ
2.00E-03] 1.30€-01 1 5.19€+01 Co-137 _7OE-10] 1.10E-08 | 4.42E-06
2.10E07] 1.36€-05 | 5.45€-03 H3 4.50E-16] 2.026-14 | 1.17E-11
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Figure 29: Continued

Annexe 1 to the Eco-indicator 99 methodology report, 17 April 2000

5.00E-13] 3.25E-11 Com- |Substances Damage |Normalised| Weighted

3.10E-13] 2.01E- part- factor { damage | damage

.30E- 44E-12 ment factor factor

206~ J 32E-1 Air 1.2,3-trichlorobenzene 3.51E-02 | 6.84E-06 | 2.74E-03

3.40E-12] 156610 Air A-tichlorobenzene | 2.64E-02 | 4.85E-06 | 1.08E-03

30E- g]{ 1.43E-10 Al 3 S-trichiorobenzene 29E-011 2.51E-05 | 1.01E-02

2.30E-12] 1.49E-10 Air 24-0 ABEY00] 2.85E-04 | 1.14E-01 |

At ; 5.52E+02| 1.15E-01 | 4.62E+01 |

. Air Alrazine 2.09E+02| 4.07E-02 G3E+01

1.1.6 Human' health effects caused by A [feinphos iy et a0 TE

ozone layer depletion (H,A) Air___\Bentazon 7.33E+00| 1.43E-03 | 5.72E.01
Air___|benzene 3.75E03 | 5.96E-07 | 2.14E-04

All damage factors are expressed per kg rek The unit of damage is {IAIl benzo{a)pyrena 42E+02] 2.77! 1. 11E+01
DALYs. Air___{Cabendazim 2.40E+03| 4.88E-01 TE02 |
Air___{Cadmium 0.65E+03 | 1.86E+00 | 7.52E+02 |

o adWe Ar___iChromium 4.13E+03| 8.056-01 | 3.226+02

o [ubstanees il i oo | /[T [Copper 1.46E03 | 285601 | 1.14E+02
ment factor | factor Air___tdip2-sthylhexyl)phthaiate | 1.04E-03 | 3.78E-07 | 1.51E-04
A |1,1,1-drchioroethane 1.26E-04 | 8.18E-03 |3.27E+00] [IAK te 1.13E-01 | 2.20E-05 | 8 81E-03 |
Air__ {CFCA1 1.056-03 | 6.82E-02 [2.73E+01] [{Air__Dichlorvos G1E+00]| 3.14E-04 | 1.26E-01 |
Ar_|CFC-113 5.48E-04 | 6.16E-02 | 246E+01] [IAIr___ 12,3.7,8-TCDD Dioxin 1.32E+05] 2.57E+01 | 1.03E+04 |
Al [CFC-114 D5E-04 | 5.81E-02 |2.30E+01] [{Ar___ IDiguat-dibromide 2.39E+03] 4.66E-01 | 1.88E+02
Ar__ICFC115 4.21E-04 | 2.73E-02 | 1.09E+01| [IAIr m 4.43E+03 | 8.64E-01 | 3.45E+02 |
Ar__|CFC-12 B.63E-04 | 5.60E-02 |2.24E+01] |{Ar __ IDNOC 8.19E+00] 1.60E-03 | 6.99€-01
Ar - [HALON-1301 ATE-03 | G.55E-02 [3.82E+01] AKX ilentin acetate 8.776+02| 1.3E-01 | 5.28E+01 |
A |HALON-1202 32E-03 | B.57E-02 | 3.43E+01] [IAlr __ ffluoranthene 4.37E-02] 8.52E-06 | 3.41E03 |
Ar JHALON-1211 537E-03 | 3.49E-01 | 1.30E+02] |IAIr mma HCH (Lindane) | 2.16E+00| 4.21E-04 | 1.68E-01
Air HALON-130: 1,26E-0! 18E-01 | 3.27E+02) JIAIr Hexachlorobenzene 3.68E+01| 7.56E-03 | 3.03E+00
Air___{HALON-231 4TE-04 | O.55E-03 |3.626+00 JjAIr___ [Mercury 8,29E+02| 1.62E AGE+01
Air___JHALON-240 2.63E-04 | 1.71E-02 |6.83E+00] {lAIr dalathi 1.17E+02] 2.2BE-02 | 9.12E+00
Air___|HALON-2402 7.37E-03 | 4.79E01 | 1.01E+02] |[Air___ |Maneb 384E+01] 7.496:03 | 299E+00
Alr__[HCFC-123 _ 4TE-05| 9.556:04 | 3.82E01] [JAIr 7.79E-02 | 1.52E-05 | 6.07E-03
Al |HCFC-124 16E-05 | 2.05E-03 | 8.21E-0 A 3.07E+02| 5.98E-02 | 2.39E+01
Alr___|HCFC-141b “O5E-04 | 6.82E-03 |2.73E+00] |IA 260E+02] 5.07E-02 | 2.03E+01 |
Air___|HCFC-142b 5.26E-05 | 342603 | 1.37E+00] JIA 3.78E+01] 7.37E-03 | 2.95E+00
A |HCFC-22 4.21E-05 | 2.73E-03 | 1.09E+00] [IA 4.97E+02] 9.59E B4E+01 |
Ar__ IHCFC-225ca 2.11E-051 1.376-03 | 5.48E.01, JIA 13E+03] 4.15E4 66E+02
Air__|HCFC-225ch 211E-05 | 1.37E-03 | 5.48E-01 ;A (06E+021 2.07E-02 | 6.27E+00
Al bromide 5.74E-04 | 4.38E-02 |1.75E+01] [IA .10E+03] 1.36E+00 | 5.64E+02
Ar___|methyl chioride 2.11E-05 | 1.37E-03 | 5.48E-01] |iA 7.80E-04 | 1.52E-07 | 6.086-05
Ar___|carbontetrachioride 1.26E-03 | 8.18E-02 |3.27€+01 6.05E+01 ] 1.18E-02 | 4.72E+00
2.54E+03| 4.85€-01 | 1.98E+02

8.07E+01] 1.57€.02 | 6.286+00

1.33E+01] 2.50E-03 | 1.04E+00

1.44E+03] 2 81E-01 | 1.12E+02
2.26E+02 | 4.41E-02 | 1.76E+01
2.40E04 | 4.68E-08 | 1.87E-05 |
.09E+00| 2.12E-04 | B.50E-02
Z.80E+03] 5.63E-01 | 2.256302
-56E-01 | 3.04E-06 | 1.22E-02 |

1.2 Damage category Ecosystem
Quality (H,A)

The Ecosy Quality damages are specified as PoF-m’-yr POF is
shonforPotamialyDisappeamdFracﬁmof“ ies, A d of one

means all species disappear from ons m? during one yaar, or 10% of all

species from 10 dusing one year, or 10% of all speci 1550 é:i ':‘g‘é%%-

asappearfmmim during 10 years. V!Rhmthedamage tegory V.SGE-O‘ "75_05 .89503

Quaity, carels 10 avoid double counting 566:02] 1.47€05 | 5

when tand-use Is modelied. See the remarks under these damage J4E+01§ 2.22E-03 | 6.89E-01 |

categories. .06E+0 .86E-03 | 3.85E+00 |
87E+02] 1.73E-01 | 6.926+01|
.81E-021 1.13E-05 | 4.63E-03

4.80E-02 | 9.36E-06 | 3.74E-03
3.68E+01] 7.17E-03 | 2.67E+00 |
[63E+02] 3.18E-02 | 1.27€+01 |
4.80E+02] 9.36E-02 | 3.74E+01 |
6.87E+01] 1.34E-02 | 5.36E+400

1.2.1 Damage to Ecosystem Quality
caused by ecotoxic emissions (H,A)

Fm lmlyns was done in EUSES Pesﬁudes that evaporale during
; ides that are

d as air 00 |
aocuemalty cpmyod in surface waters must be counted as water [Copper AIE+02] 2.87E-02 | 1.15E401
emissions. The inder must be counted as soil emissions. The |di(2-ethylhexyllphthalate | 6.37E-01 | 1.24E-04 | 4.97E02

dibutyiphthalate 1.62E+00| 3.16E-04 | 1.26E-01

damagsﬁmpewddeslnmaagﬂwﬂuralwlassuch(mame)was 04 | 1
Dichlorvos 1.81E-0 53E-05 | 1.41E02

deliberately excluded to avoid double counting with land-use. This

means the damage factors in this list are based on secondary (leaching) (TEQ} 1.87E405 3 B65E+01 | 146E+04
emissions from the sail into surface and ground water and evaporation. | Diquat-dibromide 1.18E+02{ 2.30E-02 | 9.20E+00
) ) ! o ) Diuron 2.31E+02] 4.50E-02 | 1.80E+01
Al da factors are exp perkg The unit of ge is DNOC 6.73E-01 | 1.31E-04 | 525602
PDFm™yr. fentin acetate 7.85E+02] 1.53E-01 | 6.12E+01
fiuoranthene 3.96E+00| 7.72E-04 | 3.09E-01

{Water amma-HCH (Lindane) D4E+01] 2.03E-03 | 8.11E-01

Water |hexachlorobenzene 4.55E+01] 8.87E-03 | 3.556+00
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1.97E+402] 3.84E-02 | 1.54E+01 | | Unfortunately no damage factors for ions to water and soit couid
1.64E+02| 3.20E-02 | 1.28E+01 | | vet be calculated. We suggest to use the damage factors for airas a
6.23E-01] 1.21E:04 | 4.86E-02 | | temporary, but crude solution.
s X Thedmmgecamdbyfemhsarsmatmdei 8 on
1.35E-02 | 2.63E06 | 1.056-03 a /| beratety applied
T436+01] 2.79E03 | 1.126+00 i soll s a dinthe & factors. and
' 77E01 '355_05 294502 | shoudd not be treatsd as an emission leadmgbeutrophlcahon The
'18E*0( 5.206-04 2:48E-01 fertiisers that evaporate, ofmatm‘ac.udentallysprayedmwtface
S 73E “SE02 S.ZSME% waters should be counted as an emission.
04E+01] 2.03E-03 | 8.11E-01 1 | an g factors are based on kg ermissions to sir. The unlt of
A3E+02] 2.79E-02 | 1.12E+01 | | damag is PDE'm? yr.
2.10E-03| 4.09E-07 | 1.64E-04
2 4BE+02| 4.83E-02 | 1.93E+01_ . S ————
730E+00] 1.44E03 | 5.76E01 ] || O™ Damage Weig
= {ipart- factor | demage | damage
.68E+02| 5.03E-02 | 2.01E+01 ment factor factor
SIE+011 4.89E:03 | 1.96E200 | Ha™ mmonia 557 | 3.04E-03 | 1,21E+00
03E+01] 1.18E-02 | 4.70E400 | |4/ NG 789 | 1,71E-03 | 6,85E.01
74E+02] 1.70E-01 | 6.81E<01 1 IoTiicss T TE o T4 45 01]
1.73E-01 | 3.37E-05 | 1.35:02 | (I —Thioon i “1iE 03 (4456 01]
7.80E+01| 1.57E02 [6.0BE+00 | |13 IROx (a3 NOZ) X 1E.03 | 4 456 07]
S3EL011 3.18E-00 | L2TEYN0) \ar 1507 041 | 2,03604 | 8,12E.07]
2416:00{ 4.706.04 | 1L.09E.011 [lai_|s03 0,8323 | 1,69E-04 | 649607 |
e o v o] [l IO 1,041 | 2.006-04 |8.1260
. o . 1.041 O3E-04 | 8,12E.
T Z7E04 | 2.486.08 | 9.00E.06 ] | Lo 150K (28 502) 2 &2
6.10E+02] 1.19E-01 | 4.76E+01
1.49E-01 .80E-05 | 1.16E-02 .
5556011 6 99605 2778001 | 123 Damage to Ecosystem Quality
1,66E-021 3.24E06 | 1.29E03 | | caused by land occupation and land
4.97E-0 .69E-05 | 3.88E-02 .
25E+03] 1.41E+00 | 5.65E+02] | conversion (H,A)
) 34E+00] 4.56E-04 | 1.82E-01 |
LO1EH 5.87E-03 } 2.35E+00 | it is important to separate two casas:
9.84E 4+ .84E+00 } 7.75E+02 s Land occupation
4.24E+03 .27E-0 31E402§ |«  Land conversion
.50E+03| 2.92E-0 A7E+02 |
Soil 2.676-02 | 5.20E-06 | 2.08E-03 | | The damage factors for occupation are per area jm?] times the duration
Soil | 14E+00 | 2.22E-04 89E-02 | | of the occupation [yr]. The effect of restoration of the area typetoll's
Soil 7 52E-04 | 1.47E-07 | 5.86E-06 | | natural condition is not included here, but in the land conversion
Soi 2.3.7,8-1CDD D,om (ind.) | 2006405 ] 4.07E+01 | 1.63E+04 damage factors. Occupation is seen ?s a damage, because the area is
E -dibromide (agr) | 6.84E-02 | 1.33E-05 | 5.33E-03 | | Prevente "“" g to its natural area. Typical examples of land
Soi uron (agr.) 407E-02 | 7.936-06 37E-03 Buﬁdmg newhouses m an exxsmg urban area, using a faacryin an
504! DNOC (agr.) 7E-031 1.20E-06 | 4.81E-04 p i area, agri i an { acea. In
oil _lfentin acetate (agr.) 34E-01] 7.496:05 | 2.99-02 | | ot cases fand is used that has already been converted long ago. In
>0i fluon {ind.} LOCE+00 ! 1.56E-03 | 6.24E-01 such cases conversion shoutd not be considered.
t g“igu__g_@—NCH F )1 1.38E+00] 2.69E-04 | 1.08E-0
Soil __jhexachlorobenzene (ind.) 9.96E+01] 1.94E-02 | 7.77E+00 ! | The d factors for conversions are per area (m?]. Conversion
b erout L) .B8E+03 3.27E- 1.31E+02 | | factors should only be used if  is clear that a process resuits in the
2.79E-02 | 5.44E-0€ .18E-03 } | c ion of one area type into another. Examples are: mining
agr. 2.61E-0 .09E-05 | 2.04E-02 ; | operations in natural areas. expanding agricultural areas at the expense
o aq 279E-06 | 5.44E-10 | 2.18E.07 of natural ar;a;emd dumping waste. The differgnoehw(mttu factors for
ISoil___|Metabenzthiazuron SE01] 6.14E05 | 246602 patk inclusion of a ion time that has been sat to 30
v 5 tagr) 03E-04 | 3.06E-08 | 1.58E-05 | | years as defauk. Other restoration times can be easily caiculated by
- 4.91E-02 | 9.57€-06 | 3.836-03 dividing the damage factors by 30 and mutiplying them with the
Y RN intended restoration time.
2.09€-01] 4 !
291.) 43060 C ions bet agricultural and urban area types can also be
- \lid(__z_!_:(lg_d.) 7.;2;_*0’ 3 delied btracting the d factors. but, ag the damage factors
il Parathion (agr.) 3.24E-021 6. can have considerable Uncertainties. the result is unrelable. Wa
Lead (ind.) 29E+01§ 2. suggest to use conversion data only for cases where natural areas are
i PCBs (ind.) .35E+D: .63E-01 | 6.51E+01 rted into non-natural area types.
Soil__|pentachioorfendl (ind) | 251E+01] 4.89E-03 | 1.96E+00
Soil Simazine (agr.) B7E-01] 7.54E-05 | 3.026-02 . PATI Wi
Sol[Thiram (agr) S6E-01] 184E04 | 7.77E02 1.2.3.1 COMPATIBILITY WITH ESU
Soil _|toluene {ind.) 79E-021 1.32F-06 | 5.20E-03 DATABASE
[Soit _|Trifluratin (agr.) .07E-02{ 4.04E:06 | 1.61E-03 | | The ESU database, produced at the ETH Zurich, is one of
{Soit__ |Zinc (ind ) 29664031 SO1E01 | 2926402} | phe fow large databases that has consistently included

1.2.2 Damage to Ecosystem Qualify caused
by the combined effect of acidification
and eutrophication (H,A)

PRé Consultants b.v., Amersfoort, The Netherlands

land-use data. Unfortunately no distinction is made
between conversion and occupation, the two are always
combined. This means a restoration time is always
included, and this restoration time cannot be separated in
a elegant way. In order 10 be able to use this large
database domage factors: land-use 1l-Il, land use H-IV,
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land-use III-IV and land-use IV-IV have been estimated

using the following (rather crude) assumptions:

o ESU land-use type Il can be interpreted as near to
natural area

» ESU land-use type Ill can be interpreted as green
urban or rail areas. These are the not very intensively
used areas

o  ESU land-use type IV can be interpreted as contmuos
urban land

o ESU assumes a 5 year restoration time between type
IV and I11. In many cases an accupation time for
industrial activities of 25 or 30 years is used. As a
result the restoration time results in an v
overestimation of 20% for land-use II-1V.. In the

" figure presented here the damage factor is thus
lowered by 20%.

o Afier the conversion from Land-use II-IV the ESU
database uses the factors II-III for the restoration
time between type II and III. As we do not want to
include these, in general they should be omitted.
Unfortunately for processes like the production of
hydropower this class is used in a different way and
should thus be included

Using the ESU database is thus not very straightforward,

but with the factors presented here a reasonable first

order approximation can be obtained, except for instance

Jor processes that involve agricultural production and -

-hydropower.

13 Damage category Resources
(H,A)

The damages to resources are specified as MJ surplus energy. A
damage of 1 means that due to a certain extraction further extraction of
this resources in the future will require one additional MJ of energy, dus
bﬂ\olo«ermsammw\,oroﬂuruhvwmbb

istics of the ining reserves. The point in future has been

| chosen as the time at which 5 times the cumulative extraction of the

resource before 1990 is extracted. The factor 5 is chosen arbitrarily, but
after normallgation this has no further significance.

1.3.1 Damage to Resources caused by
extraction of minerals (H,A)

The damage factors are expressed per kg of extracted metal or ore:
*  ‘in ore" refers to the metal content in the ore, 8o 1kg iron (In ore)
means one kg of pure iron
*  “ore” refers to the ore. An g

calculate these figures.

The unit of damage is MJ surplus energy per kg extracted material.

d to

&

metal

Minerais Damage [N e

1.2.3.2 DOUBLE COUNTING factor | damags “‘fhm'
The factors are based on empirical cbservations of the numb Tosa
of plant spacies per area type. In such of ions all effects of the aluminium (in ore) 238 2.83E-04 _!‘.666-02
arsa type are included. This means that also the effects of emissions 05 _1 58508 11.196.02
are included. T6 avoid double counting these emissions, please observe 0.9165 | 1.097-04 12.18E-02]
the guidalines for p and eutrop 0275 | 3.27E-05 | 6.54E-03
36.7 | 4.36E-03 | 8.73E-01
The unit of damage of land occupation is PDF'm™yr. 415 | 4.936-05 | 9.87E-03
’ 051 06E-06 | 1.21E-03
Tondossupaton 029 _| 3.45E-08 | 6.90E04
Damage W‘ Welghted 35| 6.74E-04 | 1.756-01
factor | - factor .368 | 4.38E-05 | 8.75€-03 |
land use THIIT .51 .94E-05 | 3.96E-02 .313 | 3.72E-05 | 7.44E-03
tand use IFIV__ 96| 1.87E-04 | 7.496-02 .14 :68E-05 } 3.35€-03 |
land use [V X BTE-04 | 7.49E-02 165.5 O7TE-02 {3.4E+00
land use V-V . 2404 | 8.07E-02 41 1 4.88E-03 19.756.01 |
as Contin. wrban land . 2.24E04 [8.97E02 0.041 | 4.88E-06 {9.75E-04
Up. as Convent. arable land 15 ) 24E-04 | 8.97E-02 18.32 1 1.94E-03 | 3.88E-01
‘88 Discont. urban land .96 BTE-04 | 7.49E-02 0.245 1 2.91E-05 § 5.83E-03
. & Forest land 0. 2.14E-05 | 8.56E-:03 600 | 7.13E-02 |1.43E+01)
. s Groon wbaniand .84 G4E-04 | 6 S5E02 0.06 | 7.13E-06 |1.43€-03
as Industrial area .84 G4E-04 | 6. 65602 0.323 | 3.84E-05 | 7.68E-03
a3 Intens. meadow land 13| 220604 |881E02 1.885 | 2.24E-04 |448E-02
a8 Orgarilc arable land 09 | 2.12E-04 | 8.506-02 0.075 | 8.92E-06 | 1.78€-03
as c meadowland | 1.02 95E-04 | 795602 )
. a8 rail road.area .84 JB4E-04 | 8.55E-02 | : .
.88 | ersblolond| 1.15 | 224604 [8 07602 | 1.3.2 Damage to Resources-caused by
-0 ot ood] 102 L19e 0 112E0] | extraction of fossil fuels (H,A) -
The.unit of damage of land conversion is PDF*m?.
The damage factors are expressing MJ ef
Land conversion Damage |Normalised| Weighted e)dradadfuol or perm® ohmadedng aumwwwekgw
) factor | damage | damage
factor factor TheumtofdamagetsMJsutplusmofgy.
Conv. to Continuous urban land | 34.63_| 6.73E-03 | 269E+00
Conv. to Convent. arable land 34.38 | 6.70E-03 |2 68E+00
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Drying machine center emissions comparison for manufacturing MSF of
plywood 3/8" basis in the PNW: WESP versus no WESP.

WESP No WESP

Substance: Category: Emissions / MSF: Unit: Emission / MSF: Unit:
1,2,4-trichlorobenzene Air 5.26E+03 mg 5.36E+03 mg
1,2-dichloroethane Air 2.88E+03 mg 2.93E+03 mg
acetaldehyde Air 1.28E+04 mg 1.28E+04 mg
acetone Air 8.70E+03 mg 1.27E+04 mg
Acid as H+* Water 1.50E+03 ng 1.50E+03 ng
acrolein Air 5.31E+03 mg 3.95E+03 mg
aldehydes Air 6.07E+03 mg 6.17E+03 mg
alkenes Air 5.20E+05 mg 4.93E+05 mg
ammonia Air 1.02E+04 g 9.66E+03 g
As Air 6.02E+03 ug 6.02E+03 Mg
B* Water 4.69E+04 g 4.24E+04 g
Ba* Air 2.96E+05 ug 2.96E+05 pg
Be* Air 2.67E+04 ng 2.63E+04 ng
benzene Air 2.50E+03 mg 2.20E+03 mg
BOD* Water 5.62E+02 mg 5.62E+02 mg
Ca* Water 6.07E+02 ug 5.11E+02 g
Cd Water 2.56E+04 g 2.56E+04 g
Cd Air 1.62E+05 ng 1.62E+05 ng
chromate* Water 5.72E+04 ng 5.67E+04 ng
Cl-* Water 2.56E+04 mg 2.56E+04 mg
ci2* Air 5.26E+02 mg 5.26E+02 mg
co* Air 9.82E+02 g 9.82E+02 g
CO2 Air 1.41E+05 ¢ 1.41E+05 g
CO2 (fossil) Air 290E+04 g 2.88E+04 g
CO0O2 (non-fossil) Air 6.53E+03 mg 6.43E+03 mg
coal Raw 1.36E+05 ¢ 1.36E+05 ¢
cobalt* Air 7.29E+04 ng 7.08E+04 ng
CcOoD* Water 7.94E+03 mg 7.94E+03 mg
Cr Water 2.56E+04 ug 2.56E+04 g
Cr Air 3.66E+03 g 3.65E+03 g
crude oil Raw 2.35E+03 g 2.35E+03 g
CxHy aromatic Air 147E+05 mg 1.50E+05 mg
CxHy chloro Air 5.97E+03 mg 4.25E+03 mg
cyanide* Water 3.84E+04 ng 3.84E+04 ng
dichloromethane Air 2.45E+03 mg 2.51E+03 mg
dioxin (TEQ) Air 8.25E+01 pg 7.24E+01 pg
dissolved solids* Water 567E+02 g 5.67E+02 g
energy from hydro power* Raw 1.45E+05 kJ 1.20E+05 kJ

*Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in
impact assessment



Substance:

Fe*

Fe*

fluoride ions*
formaldehyde
H2S04*

HCI*

HF*

Hg

Hg

K*

kerosene*
limestone*
metallic ions*
metals

methane
methanol

methyl bromide
methyl ethyl ketone
methyl i-butyl ketone
Mn*

Mn*
n-nitrodimethylamine
N20

Na*

Na*

naphthalene*
natural gas

NH3*

Ni

nitrate*

non methane VOC
NOx

o-xylene

oil*

organic substances*
other organics*
particulates*

Pb

Pb

pheno!*

phenol*
phosphate*

*

radioactive substance to air*

Sb*
Se*

WESP
Category: Emissions / MSF: Unit:
Air 2.96E+05 g
Water 6.43E+04 g
Water 2.82E+03 Mg
Air 6.68E+03 mg
Water 1.17E+04 g
Air 7.69E+04 g
Air 1.05E+04 Hg
Water 2.01E+03 ng
Air 6.33E+04 ng
Air 5.26E+04 mg
Air 7.08E+02 Hg
Raw 7.84E+03 g
Water 3.21E+04 g
Air 2.59E+03 Mg
Air 7.19E+04 mg
Air 2.35E+04 mg
Air 2.74E+03 mg
Air 6.83E+03 mg
Air 4 58E+03 mg
Water 3.34E+04 pg
Air 6.07E+02 mg
Air 3.23E+03 ng
Air 8.756E+03 |g
Air 1.21E+03 mg
Water 1.12E+03 Mg
Air 1.61E+05 Hg
Raw 1.08E+04 ¢
Water 1.39E+04 g
Air 3.88E+04 ug
Water 2.66E+05 ng
Air 1.06E+05 mg
Air 2.36E+05 mg
Air 1.36E+03 mg
Water 9.92E+03 mg
Air 1.14E+04 mg
Water 1.61E+03 mg
Air 749E+01 g
Water 2.67E+03 ng
Air 1.04E+05 g
Water 1.04E+05 ng
Air 6.68E+03 mg
Water 5.97E+03 g
Non mat. 1.84E+04 Bq
Air 2.70E+04 ng
Air 1.29E+05 ng

No WESP

2.96E+05
5.57E+04
2.35E+03
1.26E+04
1.06E+04
6.78E+04
9.26E+03
2.01E+03
5.97E+04
5.26E+04
5.92E+02
7.84E+03
3.20E+04
2.55E+03
7.13E+04
2.29E+04
2.79E+03
7.03E+03
5.02E+03
2.93E+04
6.07E+02
2.84E+03
7.74E+03
1.21E+03
9.36E+02
1.61E+05
1.08E+04
1.37E+04
3.88E+04
2.22E+05
1.06E+05
2.35E+05
1.42E+03
9.92E+03
1.14E+04
1.61E+03
2.08E+01
2.67E+03
1.04E+05
1.04E+05
4.92E+03
5.41E+03
1.60E+04
2.62E+04
1.16E+05
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Emissions / MSF: Unit:

Hg
Hg
Hg
mg
Hg
Mg
Mg
ng
ng
mg
Hg
g
Hg
Hg
mg
mg
mg
mg
mg
Hg
mg
ng
Hg
mg
Hg
Hg
g
Hg
Hg
ng
mg
mg
mg
mg
mg
mg
g
ng
Hg
ng
mg
Hg
Bq
ng
ng

*Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in

impact assessment



134

WESP No WESP

Substance: Category: Emissions / MSF: Unit: Emission / MSF: Unit:
solid waste* Solid 749E+03 ¢ 7T44E+03 ¢
SOx Air 3.90E+02 ¢ 3.88E+02 g
styrene Air 3.01E+03 mg 3.07E+03 mg
sulphate* Water 2.04E+04 mg 2.03E+04 mg
suspended solids* Water 1.06E+04 mg 1.06E+04 mg
tetrachloroethene Air 1.48E+04 ng 1.31E+04 ng
tetrachloromethane Air 3.49E+04 ng 3.29E+04 ng
toluene Air 2.66E+03 mg 3.10E+03 mg
trichloroethene Air 1.44E+04 ng 1.27E+04 ng
uranium* Raw 6.48E+03 g 5.92E+03 Mg
vinyl chloride Air 3.09E+03 mg 1.84E+03 mg
wood and wood wastes* Raw 2.69E+04 mg 2.69E+04 mg
xylene Air 1.53E+03 mg 2.46E+03 mg
Zn Water 8.80E+03 g 8.80E+03 ug
Zn Air 2.96E+05 g 2.96E+05 Mg

*Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in
impact assessment
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Drying machine center emissions comparison for manufacturing MCF of LVL in the
PNW: WESP versus no WESP.

WESP No WESP
Substance: Category: Emission / MCF:  Unit: Emission / MCF: Unit:
1,2,4-trichlorobenzene Air 1.69E+05 mg 1.72E+05 mg
1,2-dichloroethane Air 9.22E+04 mg 9.39E+04 mg
acetaldehyde Air 4.10E+05 mg 4.10E+05 mg
acetone Air 2.78E+05 mg 4.05E+05 mg
Acid as H+* Water 4.79E+04 ng 4.79E+04 ng
acrolein Air 1.71E+05 mg 1.27E+05 mg
aldehydes Air 1.94E+05 mg 1.98E+05 mg
alkenes Air 1.66E+07 mg 1.58E+07 mg
ammonia Air 3.35E+05 g 3.23E+05 Hg
As Air 1.92E+05 Mg 1.92E+05 Hg
B* Water 1.56E+06 Hg 1.44E+06 g
Ba* Air 9.47E+06 Mg 9.47E+06 Hg
Be* Air 8.64E+05 ng 8.52E+05 ng
benzene Air 8.00E+04 mg 7.01E+04 mg
BOD* Water 1.79E+04 mg 1.79E+04 mg
Ca* Water 1.99E+04 ug 1.72E+04 ug
Cd Water 8.20E+05 pg 8.19E+05 pg
Cd Air 5.21E+06 ng 5.21E+06 ng
chromate* Water 1.82E+06 ng 1.82E+06 ng
Cl-* Water 8.20E+05 mg 8.20E+05 mg
ciz2* Air 1.67E+04 mg 1.67E+04 mg
co* Air 3.15E+04 ¢ 3.15E+04 g
CcO2 Air 4.52E+06 ¢ 452E+06 ¢
CO2 (fossil) Air 9.29E+05 ¢ 9.26E+05 g
CO2 (non-fossil) Air 2.09E+05 mg 2.08E+05 mg
coal Raw 435E+06 g 4 35E+06 ¢
cobailt* Air 2.34E+06 ng 2.31E+06 ng
coD* Water 2.54E+05 mg 2.54E+05 mg
Cr Water 8.20E+05 Mg 8.19E+05 Ug
Cr Air 1.17E+05 pg 1.17E+05 g
crude oil Raw 7.52E+04 ¢ 7.50E+04 g
CxHy aromatic Air 4.70E+06 mg 4 .80E+06 mg
CxHy chloro Air 1.91E+05 mg 1.35E+05 mg
cyanide* Water 1.23E+06 ng 1.23E+06 ng
dichloromethane Air 7.85E+04 mg 8.03E+04 mg
dioxin (TEQ) Air 2.76E+03 pg 251E+03 pg
dissolved solids* Water 1.81E+04 ¢ 1.81E+04 g
energy from hydro power* Raw 4.64E+06 kJ 3.87E+06 kJ

*Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in

impact assessment
WESP No WESP

Substance: Category: Emission/ MCF:  Unit: Emission / MCF: Unit:
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*Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in

impact assessment
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WESP No WESP
Substance: Category: Emission/MCF: Unit: Emission/MCF: Unit:
solid waste* Solid 239E+05 ¢ 2.39E+05 ¢
SOx Air 1.25E+04 g 1.25E+04 g
styrene Air 9.62E+04 mg 9.83E+04 mg
sulphate* Water 6.54E+05 mg 6.53E+05 mg
suspended solids* Water 3.41E+05 mg 3.40E+05 mg
tetrachloroethene Air 4 95E+05 ng 4.50E+05 ng
tetrachloromethane Air 1.14E+06 ng 1.09E+06 ng
toluene Air 8.50E+04 mg 9.93E+04 mg
trichloroethene Air 4.82E+05 ng 4.39E+05 ng
uranium* Raw 2.09E+05 g 1.94E+05 ug
vinyl chloride Air 9.89E+04 mg 5.89E+04 mg
wood and wood wastes* Raw 8.62E+05 mg 8.60E+05 mg
xylene Air 4.89E+04 mg 3.11E+04 mg
Zn Water 2.83E+05 g 2.81E+05 g
Zn Air 9.47E+06 Wg 9.47E+06 g

*Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in
impact assessment
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Drying machine center emissions comparison for manufacturing MCF of
LVL in the Southern region: RTO versus No RTO.

No RTO RTO

Substance: Category: Emission / MCF: Unit: Emission / MCF: Unit:
1,2,4-trichlorobenzene Air 1.13E+05 mg 6.94E+04 mg
1,2-dichloroethane Air 4.50E+04 mg 3.81E+04 mg
acetaldehyde Air 9.56E+05 mg 6.52E+05 mg
acetone Air 1.25E+06 mg 9.14E+05 mg
Acid as H+* Water 4.01E+04 ng 4.24E+04 ng
acrolein Air 2.51E+05 mg 2.32E+05 mg
aldehydes Air 1.07E+05 mg 9.30E+04 mg
alkenes Air 7.95E+07 mg 3.08E+07 mg
ammonia Air 9.07E+05 g 1.06E+06 Hg
As Air 1.55E+05 Hg 1.63E+05 Hg
B* Water 7.59E+06 Hg 8.93E+06 Hg
Ba* Air 7.34E+06 Hg 7.67E+06 Hg
Be* Air 1.16E+06 ng 1.31E+06 ng
benzene Air 1.49E+05 mg 1.36E+05 mg
BOD* Water 4.29E+04 mg 4.50E+04 mg
Ca* Water 7.49E+04 g 8.87E+04 Mg
Cd Water 1.99E+06 Hg 2.09E+06 Hg
Cd Air 6.17E+06 ng 6.55E+06 ng
chromate* Water 4.31E+06 ng 4.70E+06 ng
Cl-* Water 1.99E+06 mg 2.09E+06 mg
ci2* Air 1.30E+07 g 1.36E+07 Ug
co* Air 2.76E+04 g 2.93E+04 g
CO2 Air 3.51E+06 g 3.66E+06 g
CO2 (fossil) Air 2.15E+06 g 2.28E+06 g
CO2 (non-fossil) Air 4.89E+05 mg 5.21E+05 mg
coal Raw 3.43E+06 g 3.60E+06 g
cobalt* Air 6.50E+06 ng 7.21E+06 ng
cobD* Water 6.17E+05 mg 6.46E+05 mg
Cr Water 1.99E+06 Hg 2.09E+06 Mg
Cr Air 9.47E+04 Hg 1.00E+05 Hg
crude oil Raw 6.23E+04 g 6.55E+04 g
CxHy aromatic Air 2.32E+06 mg 1.94E+06 mg
CxHy chloro Air 7.36E+04 mg 6.15E+04 mg
cyanide* Water 3.01E+06 ng 3.14E+06 ng
dichloromethane Air 3.87E+04 mg 3.26E+04 mg
dioxin (TEQ) Air 1.52E+04 pg 1.80E+04 pg
dissolved solids* Water 4.41E+04 g 4.62E+04 g
energy from hydro power* Raw 1.51E+05 kJ 1.83E+05 kJ
ethane Air 3.26E+04 mg mg
Fe* Air 7.34E+06 Hg 7.67E+06 Hg
Fe* Water 1.09E+04 mg 1.30E+04 mg

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included
in impact assessment



: No RTO RTO

Substance: Category: Emission / MCF: Unit: Emission / MCF: Unit:
fluoride ions* Water 3.47E+05 Hg 4.12E+05 Hg
formaldehyde Air 1.58E+06 mg 1.38E+06 mg
H2S04* Water 1.90E+06 Hg 2.22E+06 Hg
HCI* Air 1.41E+04 mg 1.68E+04 mg
HF* Air 1.95E+06 Hg 2.32E+06 Hg
Hg Water 1.57E+05 ng 1.65E+05 ng
Hg Air 6.21E+06 ng 7.21E+06 ng
K* Air 1.30E+06 mg 1.36E+06 mg
kerosene* Air 8.70E+04 Hg 1.03E+05 Hg
limestone* Raw 1.97E+05 g 2.07E+05 g
metallic ions* Water 8.59E+05 Hg 9.07E+05 Hg
metals Air 1.94E+05 Hg 2.07E+05 Hg
methane Air 5.94E+06 mg 6.61E+06 mg
methanol Air 1.69E+06 mg 7.69E+05 mg
methyl bromide Air 4 33E+04 mg 3.62E+04 mg
methy! ethyl ketone Air 1.12E+05 mg 9.56E+04 mg
methyl i-butyl ketone Air 1.23E+05 mg 1.07E+05 mg
Mn* Water 6.13E+06 Hg 7.26E+06 Hg
Mn* Air 1.50E+07 Hg 1.57E+07 Hg
n-nitrodimethylamine* Air 5.94E+05 ng 7.03E+05 ng
N20 Air 1.59E+06 Hg 1.89E+06 Hg
Na* Air 3.01E+04 mg 3.14E+04 mg
Na* Water 1.38E+05 Hg 1.63E+05 Hg
naphthalene* Air 4.01E+06 Hg 4.18E+06 Hg
natural gas Raw 8.34E+05 g 8.74E+05 g
NH3* Water 1.01E+06 Hg 1.08E+06 Hg
Ni Air 1.01E+06 Hg 1.06E+06 Hg
nitrate* Water 3.28E+04 Hg 3.87E+04 Hg
non methane VOC Air 7.88E+06 mg 8.26E+06 mg
NOx Air 1.06E+07 mg 1.11E+07 mg
o-xylene Air 4.85E+04 mg 4.02E+04 mg
oil* Water 7.72E+05 mg 8.11E+05 mg
organic substances* Air 2.91E+05 mg 3.05E+05 mg
other organics* Water 1.27E+05 mg 1.33E+05 mg
particulates* Air 1.80E+04 g 9.39E+02 g
Pb Water 7.11E+04 ng 7.51E+04 ng
Pb Air 2.82E+06 Hg 2.95E+06 Hg
phenol* Water 2.76E+06 ng 2.93E+06 ng
phenol* Air 2.07E+05 mg 2.13E+05 mg
phosphate* Water 9.56E+05 Hg 1.12E+06 Hg
radioactive substance to air*  Non mat. 3.70E+06 Bq 4.41E+06 Bq
Sb* Air 2.45E+06 ng 2.74E+06 ng
Se* Air 2.11E+04 Hg 2.49E+04 Hg
solid waste* Solid 2.70E+05 g 2.87E+05 g
SOx Air 3.05E+04 g 3.20E+04 g

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included
in impact assessment
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No RTO RTO
Substance: Category: Emission / MCF: Unit: Emission / MCF: Unit:
styrene Air 5.10E+04 mg 4.31E+04 mg
suspended solids* Water 9.01E+05 mg 9.60E+05 mg
tetrachloroethene Air 2.68E+06 ng 3.18E+06 ng
tetrachloromethane Air 4 87E+06 ng 5.62E+06 ng
toluene Air 1.69E+05 mg 1.62E+05 mg
trichloroethene Air 2.64E+06 ng 3.14E+06 ng
uranium* Raw 4.75E+05 Hg 5.52E+05 Hg
vinyl chloride Air 2.84E+04 mg 2.38E+04 mg
wood and wood wastes* Raw 9.30E+05 mg 9.79E+05 mg
xylene Air 9.14E+04 mg 8.32E+04 mg
Zn Water 6.86E+05 Hg 7.19E+05 ug
Zn Air 7.34E+06 Hg 7.67E+06 -Hg

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included

in impact assessment
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Drying machine center emissions comparison for the manufacturing MSF
3/8" basis in the Southern region: RTO versus no RTO.

No RTO RTO

Substance: Category: Emission / MSF: Unit: Emission / MSF: Unit:
1,2,4-trichlorobenzene Air 2.59E+03 mg 2.17E+03 mg
1,2-dichloroethane Air 1.41E+03 mg 1.19E+03 mg
acetaldehyde Air 2.99E+04 mg 2.04E+04 mg
acetone Air 3.91E+04 mg 2.85E+04 mg
Acid as H+* Water 1.26E+03 ng 1.33E+03 ng
acrolein Air 7.87E+03 mg 7.24E+03 mg
aldehydes Air 3.35e+03 mg 2.91E+03 mg
alkenes Air 2.49E+03 g 9.66E+02 g
ammonia Air 2.83E+04 Hg 3.31E+04 Mg
As Air 4.86E+03 Hg 5.11E+03 Mg
B* Water 2.37E+02 mg 2.79E+02 mg
Ba* Air 2.29E+05 Mg 2.40E+05 Mg
Be* Air 3.61E+04 ng 4.09E+04 ng
benzene Air 4.67E+03 mg 4.27E+03 mg
BOD* Water 1.34E+03 mg 1.41E+03 mg
Ca* Water 2.29E+03 Hg 2.73E+03 Mg
Cd Water 6.25E+04 Hg 6.54E+04 Hg
Cd Air 1.93E+05 ng 2.05E+05 ng
chromate* Water 1.36E+05 ng 1.49E+05 ng
Cl-* Water 6.25E+04 mg 6.54E+04 mg
Cl2* Air 4.06E+05 mg 4 25E+05 mg
co* Air 8.63E+02 g 9.15E+02 g
COo2 Air 1.09E+05 g 1.15E+05 g
CO2 (fossil) Air 6.72E+04 g 7.12E+04 g
CO02 (non-fossil) Air 1.52E+04 mg 1.63E+04 mg
coal Raw 1.07E+05 g 1.12E+05 g
cobalt* Air 2.03E+02 Hg 2.27E+02 Mg
CcoD* Water 1.92E+04 mg 2.01E+04 mg
Cr Water 6.25E+04 Mg 6.54E+04 ug
Cr Air 2.95E+03 Mg 3.13E+03 Mg
crude oil Raw 1.95E+03 g 2.06E+03 g
CxHy aromatic Air 7.24E+04 mg 6.08E+04 mg
CxHy chloro Air 2.30E+03 mg 1.92E+03 mg
cyanide* Water 9.38E+04 ng 9.84E+04 ng
dichloromethane Air 1.21E+03 mg 1.02E+03 mg
dioxin (TEQ) Air 4.74E+02 pPg 5.62E+02 pg
dissolved solids* Water 1.38E+03 g 1.44E+03 g
energy from hydro power* Raw 5.00E+03 kdJ 6.02E+03 kJ
ethane Air 1.02E+03 mg mg
Fe* Air 2.29E+05 Hg 2.40E+05 Hg
Fe* Water 3.40E+02 mg 4.04E+02 mg

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included
in impact assessment



No RTO RTO
Substance: Category: Emission / MSF: Unit: Emission / MSF: Unit:
fluoride ions* Water 1.06E+04 ug 1.26E+04
formaldehyde Air 4.92E+04 mg 4.31E+04
H2504* Water 5.91E+04 Hg 6.95E+04
HCI* Air 4.42E+02 mg 5.23E+02
HF* Air 6.08E+01 mg 7.24E+01
Hg Water 4 91E+03 ng 5.14E+03
Hg Air 1.93E+02 Hg 2.25E+02
K* Air 4.06E+04 mg 4.25E+04
kerosene* Air 2.66E+03 Hg 3.17E+03
limestone* Raw 6.20E+03 g 6.48E+03
metallic ions* Water 2.69E+04 g 2.84E+04
metals Air 6.02E+03 Hg 6.43E+03
methane Air 1.86E+05 mg 2.07E+05
methanol Air 5.29E+04 mg 2.40E+04
methyl bromide Air 1.35E+03 mg 1.13E+03
methyl ethyl ketone Air 3.51E+03 mg 2.99E+03
methyl i-butyl ketone Air 3.86E+03 mg 3.34E+03
Mn* Water 1.91E+02 mg 2.26E+02
Mn* Air 4.70E+05 mg 4.91E+05
n-nitrodimethylamine* Air 1.85E+04 ng 2.19E+04
N20 Air 4 98E+04 ug 5.91E+04
Na* Air 9.38E+02 mg 9.79E+02
Na* Water 4.21E+03 Hg 5.01E+03
naphthalene* Air 1.25E+05 Hg 1.31E+05
natural gas Raw 2.61E+04 g 2.73E+04
NH3* Water 3.15E+04 Hg 3.36E+04
Ni Air 3.16E+04 Mg 3.32E+04
nitrate* Water 9.96E+02 Hg 1.19E+03
non methane VOC Air 2.46E+05 mg 2.58E+05
NOx Air 3.29E+05 mg 3.48E+05
o-xylene Air 1.52E+03 mg 1.26E+03
oil* Water 2.41E+04 mg 2.53E+04
organic substances* Air 9.09E+03 mg 9.50E+03
other organics* Water 3.97E+03 mg 4.16E+03
particulates* Air 5.61E+02 g 2.93E+01
Pb Water 2.22E+03 ng 2.35E+03
Pb Air 8.80E+04 Mg 9.21E+04
phenol* Water 8.69E+04 ng 9.15E+04
phenol* Air 6.43E+03 mg 6.66E+03
phosphate* Water 2.99E+04 Hg 3.51E+04
radioactive substance to air* Non mat. 1.16E+05 Bq 1.38E+05
Sb* Air 7.64E+04 ng 8.51E+04
Se* Air 6.60E+02 Mg 7.76E+02
solid waste* Solid 8.40E+03 g 8.97E+03
SOx Air 9.50E+02 g 1.00E+03
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* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included

in impact assessment
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No RTO RTO
Substance: Category: Emission / MSF: Unit: Emission / MSF: Unit:
styrene Air 1.60E+03 mg 1.35E+03
sulphate* Water 5.03E+04 mg 5.29E+04
suspended solids* Water 2.81E+04 mg 2.99E+04
tetrachloroethene Air 8.40E+01 Hg 9.96E+01
tetrachloromethane Air 1.53E+02 Mg 1.78E+02
toluene Air 5.28E+03 mg 5.07E+03
trichloroethene Air 8.28E+01 g 9.79E+01
uranium* Raw 1.45E+04 Hg 1.70E+04
vinyl chloride Air 8.86E+02 mg 7.47E+02
wood and wood wastes* Raw 2.90E+04 mg 3.06E+04
xylene Air 2.85E+03 mg 2.60E+03
Zn Water 2.14E+04 Hg 2.25E+04
Zn Air 2.29E+05 Hg 2.40E+05

mg
mg
mg
Hg
Hg
mg
Hg
Hg
mg
mg
mg
Hg
Hg

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included

in impact assessment
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Drying machine center emissions comparison for manufacturing MCF of
LVL in the Southern region: RCO versus no RCO with one direct-natural
gas-fired dryer and one indirect steam heated dryer

No RCO RCO

Substance: Category: Emission / MCF: Unit: Emission / MCF: Unit:
1,2,4-trichlorobenzene Air 9.31E+04 mg 8.39E+04 mg
1,2-dichloroethane Air 4 .25E+04 mg 4 48E+04 mg
acetaldehyde Air 1.08E+06 mg 1.52E+06 mg
acetone Air 1.51E+06 mg 1.59E+06 mg
Acid as H+* Water 3.99E+04 ng 4.08E+04 ng
acrolein Air 3.20E+05 mg 2.45E+05 mg
aldehydes Air 1.01E+05 mg 1.08E+05 mg
alkenes Air 6.46E+04 g 3.20E+04 g
ammonia Air 9.03E+05 Hg 1.02E+06 Mg
As Air 1.55E+05 Hg 1.58E+05 Hg
B* Water 7.55E+06 Hg 8.62E+06 Hg
Ba* Air 7.34E+06 Hg 7.44E+06 Hg
Be* Air 1.15E+06 ng 1.26E+06 ng
benzene Air 2.01E+05 mg 1.50E+05 mg
BOD* Water 4.14E+04 mg 4.37E+04 mg
Ca* Water 7.47E+04 Hg 8.57E+04 Mg
Cd Water 1.94E+06 ug 2.03E+06 Hg
Cd Air 6.04E+06 ng 6.34E+06 ng
chromate* Water 4.22E+06 ng 4.52E+06 ng
Cl-* Water 1.94E+06 mg 2.03E+06 mg
ci2* Air 1.30E+07 Hg 1.32E+07 ug
co* Air 3.12E+04 g 2.78E+04 g
CO2 Air 3.51E+06 g 3.55E+06 g
CO2 (fossil) Air 2.09E+06 g 2.20E+06 g
CO02 (non-fossil) Air 4.73E+05 mg 5.06E+05 mg
coal FAL Raw 3.43E+06 g 3.49E+06 g
cobalt* Air 6.36E+06 ng 6.98E+06 ng
CcoD* Water 5.94E+05 mg 6.27E+05 mg
Cr Water 1.94E+06 Hg 2.03E+06 Hg
Cr Air 9.45E+04 Hg 9.70E+04 Hg
crude oil Raw 6.19E+04 g 6.34E+04 g
CxHy aromatic Air 2.18E+06 mg 2.34E+06 mg
CxHy chloro Air 6.94E+04 mg 7.38E+04 mg
cyanide* Water 2.89E+06 ng 3.05E+06 ng
dichloromethane Air 3.64E+04 mg 3.97E+04 mg
dioxin (TEQ) Air 1.51E+04 Pg 1.73E+04 pg
dissolved solids* Water 4.25E+04 g 4.48E+04 g
energy from hydro power* Raw 1.51E+05 kJ 1.77E+05 kJ
ethane Air 4 91E+04 mg 1.31E+05 mg
Fe* Air . 7.34E+06 Hg 7.44E+06 Hg

* Denotes substance not defined by the Eco-Indicatord9 Methodology, thus not included in
impact assessment
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No RCO RCO

Substance: Category: Emission / MCF: Unit: Emission / MCF: Unit:
Ee* Water 1.09E+04 mg 1.25E+04 mg
fluoride ions* Water 3.45E+05 Mg 3.97E+05 ug
formaldehyde Air 2.13E+06 mg 1.90E+06 mg
H2S04* Water 1.89E+06 Hg 2.15E+06 Hg
HCI* Air 1.41E+04 mg 1.62E+04 mg
HF* Air 1.94E+06 Hg 2.22E+06 Mg
Hg Water 1.52E+05 ng 1.60E+05 ng
Hg Air ; 6.17E+06 ng 6.96E+06 ng
K* Air 1.30E+06 mg 1.32E+06 mg
kerosene* Air 8.68E+04 Mg 9.97E+04 Hg
limestone* Raw 1.97E+05 g 2.01E+05 g
metallic ions* Water 8.51E+05 g 8.76E+05 Hg
metals Air 1.88E+05 Hg 1.99E+05 Hg
methane Air 6.55E+06 mg 7.36E+06 mg
methanol Air 1.49E+06 mg 8.13E+05 mg
methyl bromide Air 4.06E+04 mg 4.37E+04 mg
methyl ethyl ketone Air 1.05E+05 mg 1.12E+05 mg
methyl i-butyl ketone Air 1.23E+05 mg 1.23E+05 mg
Mn* Water 6.11E+06 Hg 7.01E+06 Mg
Mn* Air 1.50E+07 Hg 1.52E+07 Hg
n-nitrodimethylamine* Air 5.92E+05 ng 6.78E+05 ng
N20 Air 1.59E+06 Hg 1.82E+06 Hg
Na* Air 3.01E+04 mg 3.05E+04 mg
Na* Water 1.37E+05 Hg 1.68E+05 Hg
naphthalene* Air 4.01E+06 Hg 4.06E+06 Hg
natural gas Raw 8.05E+05 g 8.47E+05 g
NH3* Water 9.81E+05 Hg 1.04E+06 Mg
Ni Air 1.01E+06 Hg 1.03E+06 Hg
nitrate* Water 3.26E+04 Hg 3.74E+04 Hg
non methane VOC Air 7.61E+06 mg 8.01E+06 mg
NOx Air 1.04E+07 mg 1.08E+07 mg
o-xylene Air 4.58E+04 mg 4.81E+04 mg
oil* Water 7.46E+05 mg 7.86E+05 mg
organic substances* Air 2.89E+05 mg 2.95E+05 mg
other organics* Water 1.23E+05 mg 1.29E+05 mg
particulates* Air 1.30E+04 g 9.14E+02 g
Pb Water 7.05E+04 ng 7.24E+04 ng
Pb Air 2.82E+06 Hg 2.86E+06 Mg
phenol* Water 2.74E+06 ng 2.82E+06 ng
phenol* Air 2.01E+05 mg 2.34E+05 mg
phosphate* Water 9.51E+05 Hg 1.08E+06 Hg
radioactive substance to air* Non mat. 3.70E+06 Bq 4.25E+06 Bq
Sb* Air 2.41E+06 ng 2.64E+06 ng
Se* Air 2.11E+04 Hg 2.40E+04 Hg
solid waste* Solid 2.66E+05 g 2.78E+05 g

* Denotes substance not defined by the Eco-indicator99 Methodology, thus not included in
impact assessment



Substance:

SOx

styrene

sulphate*
suspended solids*
tetrachloroethene
tetrachloromethane
toluene
trichloroethene
uranium*

vinyl chioride

wood and wood wastes*
xylene

Zn

Zn

* Denotes substance not defined by the Eco-Indicator98 Methodology, thus not included in

impact assessment

No RCO RCO
Category: Emission / MCF: Unit: Emission / MCF: Unit:
Air 2.95E+04 g 3.10E+04
Air 5.00E+04 mg 5.12E+04
Water 1.56E+06 mg 1.64E+06
Water 8.72E+05 mg 9.30E+05
Air 2.68E+06 ng 3.07E+06
Air 4.81E+06 ng 5.42E+06
Air 2.30E+05 mg 1.70E+05
Air 2.64E+06 ng 3.03E+06
Raw 4.73E+05 Hg 5.33E+05
Air 2.68E+04 mg 2.86E+04
Raw 9.18E+05 mg 9.49E+05
Air 1.10E+05 mg 9.10E+04
Water 6.63E+05 Hg 6.98E+05
Air 7.34E+06 g 7.44E+06

9
mg
mg
mg
ng
ng
mg
ng
Hg
mg
mg
mg
Hg
Hg
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Drying machine center emissions comparison for the manufacturing MSF
3/8" basis in the Southern region: RCO versus No RCO with one direct-
natural gas-fired dryer and one indirect steam heated dryer

No RCO RCO

Substance: Category: Emission / MSF: Unit: Emission / MSF: Unit:
1,2,4-trichlorobenzene Air 2.44E+03 mg 2.62E+03 mg
1,2-dichloroethane Air 1.33E+03 mg 1.40E+03 mg
acetaldehyde Air 3.39E+04 mg 4.74E+04 mg
acetone Air 4.72E+04 mg 4.98E+04 mg
Acid as H+* Water 1.24E+03 ng 1.28E+03 ng
acrolein Air 1.00E+04 mg 7.64E+03 mg
aldehydes Air 3.15E+03 mg 3.38E+03 mg
alkenes Air 2.01E+03 g 1.00E+03 g
ammonia Air 2.81E+04 Mg 3.18E+04 Mg
As Air 4.85E+03 Hg 4.94E+03 ug
B* Water 2.36E+02 mg 2.69E+02 mg
Ba* Air 2.29E+05 Mg 2.32E+05 Mg
Be* Air 3.59E+04 ng 3.95E+04 ng
benzene Air 6.31E+03 mg 4.70E+03 mg
BOD* Water 1.30E+03 mg 1.36E+03 mg
Ca* Water 2.28E+03 ug 2.63E+03 Mg
Cd Water 6.02E+04 Hg 6.37E+04 ug
Cd Air 1.89E+05 ng 1.98E+05 ng
chromate* Water 1.33E+05 ng 1.43E+05 ng
Cl-* Water 6.02E+04 mg 6.37E+04 mg
ci2* Air 4.06E+05 Hg 4.12E+05 Hg
co* Air 9.73E+02 g 8.69E+02 g
Cco2 Air 1.09E+05 g 1.11E+05 g
CO2 (fossil) Air 6.48E+04 g 6.89E+04 g
CO2 (non-fossil) Air 1.48E+04 mg 1.57E+04 mg
coal FAL Raw 1.07E+05 g 1.09E+05 g
cobalt* Air 2.00E+02 Mg 2.19E+02 Mg
cop* Water 1.86E+04 mg 1.95E+04 mg
Cr Water 6.02E+04 Hg 6.37E+04 Hg
Cr Air 2.95E+03 Mg 3.03E+03 Mg
crude oil Raw 1.94E+03 g 1.99E+03 g
CxHy aromatic Air 6.83E+04 mg 7.30E+04 mg
CxHy chloro Air 2.17E+03 mg 2.31E+03 mg
cyanide* Water 9.03E+04 ng 9.50E+04 ng
dichloromethane Air 1.14E+03 mg 1.24E+03 mg
dioxin (TEQ) Air 4.72E+02 pg 5.42E+02 pg
dissolved solids* Water 1.33E+03 g 1.40E+03 g

- energy from hydro power* Raw 5.00E+03 kJ 5.79E+03 kJ
ethane Air 1.53E+03 mg 4.08E+03 mg
Fe* Air 2.29E+05 Hg 2.32E+05 (s

* Denotes substance not defined by the Eco-indicator99 Methodology, thus not included
in impact assessment



Substance:

Fe*

fluoride ions*
formaldehyde
H2504*

HCI*

HF*

Hg

Hg

K*

kerosene*
limestone*
metallic ions*
metals

methane
methanol

methyl bromide
methyl ethyl ketone
methyl i-butyl ketone
Mn*

Mn*
n-nitrodimethylamine*
N20

Na*

Na*

naphthalene*
natural gas

NH3*

Ni

nitrate*

non methane VOC
NOx

o-xylene

oil*

organic substances*
other organics*
particulates*

Pb

Pb

phenof*

phenol*
phosphate*

radioactive substance to air*

Sb*
Se*
solid waste*

Category: Emission / MSF: Unit: Emission / MSF: Unit:

Water
Water
Air
Water
Air
Air
Water
Air
Air
Air
Raw
Water
Air
Air
Air
Air
Air
Air
Water
Air
Air
Air
Air
Water
Air
Raw
Water
Air
Water
Air
Air
Air
Water
Air
Water
Air
Water
Air
Water
Air
Water
Non mat.
Air
Air
Solid

No RCO RCO
3.39E+02 mg 3.89E+02
1.05E+04 Hg 1.22E+04
6.66E+04 mg 5.96E+04
5.91E+04 Hg 6.72E+04
4.40E+02 mg 5.05E+02
6.08E+01 mg 6.95E+01
4.74E+03 ng 4.99E+03
1.92E+02 Hg 2.17E+02
4.06E+04 mg 4.12E+04
2.65E+03 g 3.05E+03
6.20E+03 g 6.31E+03
2.66E+04 Hg 2.74E+04
5.85E+03 g 6.25E+03
2.05E+05 mg 2.30E+05
4.66E+04 mg 2.54E+04
1.27E+03 mg 1.36E+03
3.29E+03 mg 3.51E+03
3.86E+03 mg 3.83E+03
1.90E+02 mg 2.19E+02
4.70E+05 Mg 4.76E+05
1.85E+04 ng 2.12E+04
4.96E+04 Hg 5.69E+04
9.38E+02 mg 9.50E+02
4.19E+03 Hg 4.83E+03
1.25E+05 g 1.27E+05
2.51E+04 g 2.65E+04
3.06E+04 Hg 3.25E+04
3.16E+04 Mg 3.22E+04
9.96E+02 Mg 1.15E+03
2.38E+05 mg 2.50E+05
3.26E+05 mg 3.37E+05
1.43E+03 mg 1.51E+03
2.33E+04 mg 2.45E+04
9.09E+03 mg 9.21E+03
3.83E+03 mg 4.03E+03
4.06E+02 g 2.85E+01
2.21E+03 ng 2.26E+03
8.80E+04 g 8.92E+04
8.57E+04 ng 8.86E+04
6.31E+03 mg 7.30E+03
2.97E+04 Mg 3.39E+04
1.15E+05 Bq 1.33E+05
7.53E+04 ng 8.28E+04
6.54E+02 Mg 7.47E+02
8.34E+03 g 8.69E+03

mg
Hg
mg
Hg
mg
mg
ng
Hg
mg
Hg
g
Hg
Hg
mg
mg
mg
mg
mg
mg
Hg
ng
Hg
mg
Hg
Hg
g
Hg
Hg
Hg
mg
mg
mg
mg
mg
mg
g
ng
Hg
ng
mg
Hg
Bq
ng
Hg
g

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included

in impact assessment
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Substance:

SOx

styrene

sulphate*
suspended solids*
tetrachloroethene
tetrachloromethane
toluene
trichloroethene
uranium*

vinyl chloride

wood and wood wastes*
xylene

Zn

Zn

Category: Emission / MSF: Unit: Emission / MSF: Unit:

Air
Air
Water
Water
Air
Air
Air
Air
Raw
Air
Raw
Air
Water
Air

No RCO RCO

9.21E+02 g 9.73E+02
156E+03 mg  1.60E+03
486E+04 mg  5.12E+04
2.72E+04 mg  2.90E+04
840E+01  pg  9.61E+01
151E+02  pg 1.71E+02
718E+03 mg  5.31E+03
822E+01 Hg  9.44E+01
1.45E+04 g 1.64E+04
8.34E+02 mg  8.97E+02
2.87E+04 mg  2.96E+04
343E+03 mg  2.84E+03
207E+04 pg  2.18E+04
229E+05 pg  2.32E+05

g
mg
mg
mg
Hg
Hg
mg
Hg
Hg
mg
mg
mg
Hg
Hg

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included

in impact assessment
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Substance List: Shows the basic raw materials and emissions (air, water,
soil, solid, non-material) associated with manufacturing MSF of Plywood 3/8"
Basis in the PNW for the base case.

Substance: Category: per kg of plywood: Unit: per MSF of plywood: Unit;
1,2,4-trichlorobenzene Air 15.40 mg 7.79 g
1,2-dichloroethane Air 8.42 mg 4.26 g
acetaldehyde Air 31.80 mg 16.09 g
acetone Air 27.20 mg 13.76 g
Acid as H+* Water 9.55 ng 4.83 Mg
acrolein Air 16.10 mg 8.15 g
aldehydes Air 20.50 mg 10.37 g
alkenes Air 1,528.54 mg 773.44 g
ammonia Air 70.80 HHg 35.82 mg
As Air 18.50 HHg 9.36 mg
B* Water 350.00 UHg 177.10 mg
Ba* Air 895.00 HHg 452.87 mg
Be* Air 117.00 ng 59.20 HUHg
benzene Air 7.18 mg 3.63 g
BOD* Water 3.21 mg 1.62 g
Ca* Water 4.90 MHg 2.48 mg
Cd Water 151.00 MHg 76.41 mg
Cd Air 759.00 ng 384.05 _HMg
chromate* Water 348.00 ng 176.09 HHg
Cl-* Water 151.00 mg 76.41 g
Ci2* Air 1.59 mg 0.80 g
Cco* Air 3.22 g 1.63 kg
CO2 Air 484.00 g 244.90 kg
CO2 (fossil) Air 122.00 g 61.73 kg
CO02 (non-fossil) Air 40.10 mg 20.29 g
coal Raw 413.00 g 208.98 kg
cobalt* Air 463.00 ng 234.28 uHg
COoD* Water 37.00 mg 18.72 g
Cr Water 151.00 HHg 76.41 mg
Cr Air 11.70 HHg 5.92 mg
crude oil Raw 11.70 g 5.92 kg
CxHy aromatic Air 432.00 mg 218.59 g
CxHy chloro Air 21.50 mg 10.88 g
cyanide* Water 227.00 ng 114.86 HHg
dichloromethane Air 14.10 mg 7.13 g
dioxin (TEQ) Air 0.64 pPg 0.32 ng
dissolved solids* Water 3.32 g 1.68 kg
Douglas-fir logs* Raw 1.70 Kg 861 kg
energy from hydro power*  Raw 1,150.00 kJ 581.90 MJ
energy from oil Raw 1.15 MJ 0.58 GJ

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in
impact assessment



Substance:

Fe*

Fe*

fluoride ions*
formaldehyde
H2S04*

HCI*

HF*

Hg

Hg

Kt

kerosene*
limestone*

metallic ions*
metals

methane

methanol

methyl bromide
methyl ethyl ketone
methyl i-butyl ketone
Mn*

Mn*
n-nitrodimethylamine*
N20

Na*

Na*

naphthalene*

natural gas (feedstock)

natural gas

NH3*

Ni

nitrate*

non methane VOC
NOx

o-xylene

oil*

organic substances*
other organics*
particulates*

Pb

Pb

phenol*

phenol*
phosphate*

radioactive substance to air*

Sb*
Se*

Category: per kg of plywood: Unit
Air 895.00 Hg 452.87
Water 503.00 Mg 254.52
Water 22.70 Mg 11.49
Air 63.80 mg 32.28
Water 87.50 Hg 44.28
Air 601.00 Hg 304.11
Air 82.60 g 41.80
Water 11.90 ng 6.02
Air 370.00 ng 187.22
Air 159.00 mg 80.45
Air 5.69 Hg 2.88
Raw 23.80 g 12.04
Water 204.00 Mg 103.22
Air 15.90 ug 8.05
Air 429.00 mg 217.07
Air 108.00 mg 54.65
Air 7.97 mg 4.03
Air 17.60 mg 8.91
Air 36.90 mg 18.67
Water 261.00 Hg 132.07
Air 1.83 mg 0.93
Air 25.30 ng 12.80
Air 68.10 Mg 34.46
Air 3.66 mg 1.85
Water 9.02 Mg 4.56
Air 488.00 Hg 246.93
Raw 19.80 dm3 10,018.80
Raw 63.30 g 32.03
Water 63.00 g 31.88
Air 121.00 Hg 61.23
Water 2,140.00 ng 1,082.84
Air 642.00 mg 324.85
Air 1,030.00 mg 521.18
Air 5.63 mg 2.85
Water 58.70 mg 29.70
Air 79.70 mg 40.33
Water 9.56 mg 4.84
Air 2.14 g 1.08
Water 17.00 ng 8.60
Air 327.00 g 165.46
Water 660.00 ng 333.96
Air 91.40 mg 46.25
Water 44 .30 Mg 22.42
Non mat. 144.00 Bq 72,864.00
Air 175.00 ng 88.55
Air 972.00 ng 491.83

151

: per MSF of plywood: Unit:

mg
mg
mg
g
mg
mg
mg
Hg
Hg
g
mg
kg
mg
mg

Hg
Hg

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in

impact assessment
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Substance: Category: per kg of plywood: Unit: per MSF of plywood: Unit:
S02 Air 46.30 mg 23.43 g
solid waste* Solid 26.50 g 13.41 kg
SOx Air 227 g 1.15 kg
styrene Air 8.80 mg 4.45 g
sulphate* Water 121.00 mg 61.23 g
suspended solids* Water 43.40 mg 21.96 g
tetrachloroethene Air 115.00 ng 58.19 Mg
tetrachloromethane Air 239.00 ng 120.93 Mg
toluene Air 7.79 mg 3.94 g
trichloroethene Air 113.00 ng 57.18 Mg
uranium* Raw 35.70 Mg 18.06 mg
vinyl chloride Air 7.82 mg 3.96 g
VvOC Air 54.60 mg 27.63 g
wood and wood wastes* Raw 98.30 mg 49.74 g
xylene Air 5.95 mg 3.01 g
Zn Water 52.10 Hg 26.36 mg
Zn Air 895.00 Hug 452.87 mg

* Denotes substance not defined by the Eco-Indicator39 Methodology, thus not included in
impact assessment
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Substance List: Shows the basic raw materials and emissions (air, water,
soil, solid, non-material) associated with manufacturing MSF of Plywood 3/8"
basis in the PNW for the base case without a WESP.

Substance: Cateqgory: per kg of plywood: Unit: per MSF of plywood: Unit:
1,2,4-trichlorobenzene Air 15.60 mg 7.89 g
1,2-dichloroethane Air 8.52 mg 4.31 g
acetaldehyde Air 31.80 mg 16.09 g
acetone Air 35.10 mg 17.76 g
Acid as H+* Water 9.55 ng 4.83 Mg
acrolein Air 13.40 mg 6.78 g
aldehydes Air 20.60 mg 10.42 g
alkenes Air 1,478.54 mg 748.14 g
ammonia Air 69.80 Hg 35.32 mg
As Air 18.50 Mg 9.36 mg
B* Water 341.00 Hg 172.55 mg
Ba* Air 895.00 Mg 452 .87 mg
Be* Air 116.00 ng 58.70 Hg
benzene Air 6.58 mg 3.33 g
BOD* Water 3.21 mg 1.62 g
Ca* Water 4.70 Hg 2.38 mg
Cd Water 151.00 Mg 76.41 mg
Cd Air 758.00 ng 383.55 Hg
chromate* Water 348.00 ng 176.09 ug
Cl-* Water 151.00 mg 76.41 g
ci2* Air 1.59 mg 0.80 g
co* Air 3.22 g 1.63 kg
COo2 Air 484.00 g 24490 kg
CO2 (fossil) Air 121.00 g 61.23 kg
CO2 (non-fossil) Air 39.90 mg 20.19 g
coal Raw 413.00 g 208.98 kg
cobalt* Air 460.00 ng 232.76 ug
COD* Water 37.00 mg 18.72 g
Cr Water 151.00 Hg 76.41 mg
Cr Air 11.70 Mg 5.92 mg
crude oil Raw 11.70 g 5.92 kg
CxHy aromatic Air 438.00 mg 221.63 g
CxHy chloro Air 18.10 mg 9.16 g
cyanide* Water 227.00 ng 114.86 Hg
dichloromethane Air 14.20 mg 7.19 g
dioxin (TEQ) Air 0.62 pg 0.31 ng
dissolved solids* Water 3.32 g 1.68 kg
Douglas-fir* Raw 1.70 kg 861.00 kg
energy from hydro power* Raw 1,100.00 kJ 556.60 MJ
energy from oil Raw 115 MJ 0.58 GJ

* Denotes substance not defined by the Eco-Indicator39 Methodology, thus not included in
impact assessment



Substance:

Fe*

Fe*

fluoride ions*
formaldehyde
H2S504*

HCI*

HF*

Hg

Hg

K*

kerosene*
limestone*

metallic ions*
metals

methane

methanol

methyl bromide
methyl ethyl ketone
methyl i-butyl ketone
Mn*

Mn*
n-nitrodimethylamine*
N20

Na*

Na*

naphthalene*
natural gas (feedstock)
natural gas

NH3*

Ni

nitrate*

non methane VOC
NOXx

o-xylene

oil*

organic substances*
other organics*
particulates*

Pb

Pb

phenol*

phenol*
phosphate*

radioactive substance to air*

Sb*
Se*
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Category: per kg of plywood: Unit: per MSF of plywood: Unit:

Air
Water
Water

Air
Water

Air

Air
Water

Air

Air

Air

Raw
Water

Air

Air

Air

Air

Air

Air
Water

Air

Air

Air

Air
Water

Air

Raw
Raw
Water

Air
Water

Air

Air

Air
Water

Air
Water

Air
Water

Air
Water

Air
Water

Non mat.

Air
Air

895.00
487.00
21.80
75.60
85.30
582.00
80.00
11.90
363.00
159.00
5.46
23.80
204.00
15.90
428.00
107.00
8.08
18.00
37.70
253.00
1.83
24.50
66.10
3.66
8.65
488.00
19.80
63.30
62.60
121.00
2,050.00
642.00
1,030.00
5.75
58.70
79.70
9.56
2.03
17.00
327.00
660.00
87.90
43.20
140.00
173.00
946.00

Hg
Hg
Hg
mg
Hg
Hg
Hg
ng
ng
mg
Hg
g
Hg
Hg
mg
mg
mg
mg
mg
Hg
mg
ng
Hg
mg
Hg
Hg

dm3

g
Hg
Hg
ng
mg
mg
mg
mg
mg
mg

g
ng
Hg
ng
mg
Hg
Bq
ng
ng

452.87
246.42
11.03
38.25
43.16
294 .49
40.48
6.02
183.68
80.45
2.76
12.04
103.22
8.05
216.57
54.14
4.09
9.1
19.08
128.02
0.93
12.40
33.45
1.85
4.38
246.93
10,018.80
32.03
31.68
61.23
1,037.30
324.85
521.18
2.91
29.70
40.33
4.84
1.03
8.60
165.46
333.96
44 .48
21.86
70,840.00
87.54
478.68

mg
mg
mg
g
mg
mg
mg
Hg
Hg
g
mg
kg
mg
mg

3 3T 3
@@mcmoommoo

dm3

Hg
Hg

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in

impact assessment
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Substance: Category: per kg of plywood: Unit: per MSF of plywood: Unit:
S02 Air 46.30 mg 23.43 g
solid waste* Solid 26.50 g 13.41 kg
SOx Air 2.26 g - 1.14 kg
styrene Air 8.93 mg 4.52 g
sulphate* Water 121.00 mg 61.23 g
suspended solids* Water 43.20 mg 21.86 g
tetrachloroethene Air 112.00 ng 56.67 Hg
tetrachloromethane Air 235.00 ng 118.91 Hg
toluene Air 8.67 mg 4.39 g
trichloroethene Air 109.00 ng 55.15 g
uranium* Raw 34.60 Mg 17.51 mg
vinyl chloride Air 5.35 mg 2.71 g
VvOC Air 54.60 mg 27.63 g
wood and wood wastes* Raw 98.10 mg 49.64 g
xylene Air 4.86 mg 2.46 g
Zn Water 52.10 Hg 26.36 mg
Zn Air 895.00 Hg 452.87 mg

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in
impact assessment
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Substance List: Shows the basic raw materials and emissions (air, water,
soil, solid, non-material) associated with manufacturing MSF of Plywood
3/8" Basis in the Pacific Northwest for the base case with 100% hog fuel for

heating.

Substance: Category: per kg of plywood: Unit: per MSF of plywood: Unit:
1,2,4-trichlorobenzene Air 16.40 mg 7.79 g
1,2-dichloroethane Air 8.42 mg 4.26 g
acetaldehyde Air 32.00 mg 16.19 g
acetone Air 27.20 mg 13.76 g
Acid as H+* Water 4.17 ng 2.1 Mg
acrolein Air 16.10 mg 8.15 g
aldehydes Air 20.00 mg 10.12 g
alkenes Air 1,528.54 mg 773.44 g
ammonia Air 40.90 Mg 20.70 mg
As Air 25.60 Mg 12.95 mg
B* Water 279.00 g 141.17 mg
Ba* Air 1,270.00 Hg 642.62 mg
Be* Air 31.10 ng 15.74 Ug
benzene Air 7.49 mg 3.79 g
BOD* Water 1.20 mg 0.61 g
Ca* Water 4.58 ug 2.32 mg
Cd Water 59.70 ug 30.21 mg
Cd Air 186.00 ng 94.12 ug
chromate* Water 147.00 ng 74.38 ug
Cl-* Water 59.80 mg 30.26 g
ci2* Air 224 mg 1.13 g
co* Air 4.18 g 2.12 kg
C0O2 Air 661.00 g 334.47 kg
CO2 (fossil) Air 20.00 g 10.12 kg
CO0O2 (non-fossil) Air 18.30 mg 9.26 g
coal Raw 581.00 g 293.99 kg
cobalt* Air 236.00 ng 119.42 ug
COoD* Water 8.58 mg 4.34 g
Cr Water 59.70 Mg 30.21 mg
Cr Air 13.60 ug 6.88 mg
crude oil Raw 7.96 g 4.03 g
CxHy aromatic Air 432.00 mg 218.59 g
CxHy chloro Air 21.50 mg 10.88 g
cyanide* Water 89.60 ng 45.34 ug
dichloromethane Air 14.10 mg 7.13 g
dioxin (TEQ) Air 0.55 pg 0.28 ng
dissolved solids* Water 1.30 g 0.66 kg
Douglas-fir logs* Raw 1.70 kg 861.00 kg
energy from hydro power* Raw 1,150.00 kJ 581.90 MJ
energy from oil Raw 1.15 MJ 0.58 GJ

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in
impact assessment
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Substance: Category: per kg of plywood: Unit: per MSF of plywood: Unit:
Fe* Air 1,270.00 Mg 642.62 mg
Fe* Water 445.00 []e] 225.17 mg
fluoride ions* Water 21.20 Hg 10.73 mg
formaldehyde Air 64.40 mg 32.59 g
H2S04* Water 69.80 ]] 35.32 mg
HCI* Air 522.00 g 264.13 mg
HF* Air 72.20 Hg 36.53 mg
Hg Water 4.69 ng 2.37 g
Hg Air 217.00 ng 109.80 Hg
K* Air 224.00 mg 113.34 g
kerosene* Air 5.32 Hg' 2.69 mg
limestone* Raw 33.50 g 16.95 kg
metallic ions* Water 88.50 Mg 4478 mg
metals Air 7.30 Hg 3.69 mg
methane Air 178.00 mg 90.07 g
methanol Air 108.00 mg 54.65 g
methyl bromide Air 797 mg 4.03 g
methyl ethyl ketone Air 17.60 mg 8.91 g
methyl i-butyl ketone Air 36.90 mg 18.67 g
Mn* Water 229.00 Mg 115.87 mg
Mn* Air 2.59 mg 1.31 g
n-nitrodimethylamine* Air 22.00 ng 11.13 g
N20 Air 58.70 Hg 29.70 mg
Na* Air 5.18 mg 2.62 g
Na* Water 8.43 Mg 4.27 mg
naphthalene* Air 690.00 g 349.14 mg
natural gas (feedstock) Raw 19.80 dm3 10,018.80 dm3
natural gas Raw 25.70 o] 13.00 kg
NH3* Water 16.40 Hg 8.30 mg
Ni Air 164.00 Hg 82.98 mg
nitrate* Water 2,000.00 ng 1,012.00 Mg
non methane VOC Air 262.00 mg 132.57 g
NOx Air 916.00 mg 463.50 g
o-xylene Air 5.63 mg 2.85 g
oil* Water 23.20 mg 11.74 g
organic substances® Air 92.90 mg 47.01 g
other organics* Water 3.80 mg 1.92 g
particulates*® Air 2.14 g 1.08 kg
Pb Water 7.38 ng 3.73 Mg
Pb Air 345.00 Hg 174.57 mg
phenol* Water 288.00 ng 145.73 Mg
phenol* Air 94.70 mg 47.92 g
phosphate* Water 35.10 Mg 17.76 mg
radioactive substance to air* Non mat. 121.00 Bq 61,226.00 Bq
Sb* Air 94.30 ng 47.72 g
Se* Air 787.00 ng 398.22 Mg

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in
impact assessment



Substance:

S02 Air
solid waste* Solid
SOx Air
styrene Air
sulphate* Water
suspended solids* Water
tetrachloroethene Air
tetrachloromethane Air
toluene Air
trichloroethene Air
uranium* Raw
vinyl chloride Air
vVOC Air
wood and wood wastes* Raw
xylene Air
Zn Water
Zn Air

Category: per kg of plywood:

46.30
30.50
921.00
8.80
49.50
6.94
99.30
156.00
7.79
98.30
38.00
7.82
54.60
107.00
5.95
20.60
1,270.00
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Unit: per MSF of plywood: Unit:
mg 2343 g
g 15.43 kg
mg 466.03 g
mg 4.45 g
mg 25.05 g
mg 3.51 g
ng 50.25 Hg
ng 78.94 Hg
mg 3.94 g
ng 49.74 g
Mg 19.23 mg
mg 3.96 g
mg 27.63 g
mg 54.14 g
mg 3.01 g
Mg 10.42 mg
Mg 642.62 mg

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in

impact assessment
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Substance List: Shows the basic raw materials and emissions (air, water,
soil, solid, non-material) associated with manufacturing MSF of Plywood 3/8"
Basis in the PNW for the base case using 100% natural gas for heating.

Substance: Category: per kg of plywood: Unit: per MSF of plywood: Unit:
1,2,4-trichlorobenzene Air 15.40 mg 7.79 g
1,2-dichloroethane Air 8.42 mg 4.26 g
acetaldehyde Air 31.10 mg 15.74 g
acetone Air 27.20 mg 13.76 g
Acid as H+* Water 5.99 ng 3.03 UHg
acrolein Air 16.10 mg 8.15 g
aldehydes Air 21.00 mg 10.63 g
alkenes Air 1,528.54 mg 773.44 g
ammonia Air 68.00 HHg 34.41 HHg
As Air -2.52 HHg -1.28 mg
B* Water 518.00 HHg 262.11 mg
Ba* Air -168.00 HHg -85.01 mg
Be* Air 71.00 ng 35.93 HHg
benzene Air 6.31 mg 3.19 g
BOD* Water 9.69 mg 4.90 mg
Ca* Water 5.75 HHg 2.91 mg
Cd Water 458.00 HHg 231.75 mg
Cd Air 954.00 ng 482.72 HHg
chromate* Water 774.00 ng 391.64 MHg
Ccl-* Water 458.00 mg 231.75 g
ci2* Air -297.00 HHg -150.28 mg
co* Air 510.00 mg 258.06 g
COo2 Air -23.30 g -11.79 kg
CO2 (fossil) Air 401.00 g 202.91 kg
CO2 (non-fossil) Air 98.00 mg 49.59 g
coal Raw -72.50 g -36.69 kg
cobalt* Air 948.00 ng 479.69 Hug
COD* Water 131.00 mg 66.29 g
Cr Water 458.00 HUg 231.75 mg
Cr Air -0.72 HUg -0.36 mg
crude oil Raw 5.30 g 2.68 kg
CxHy aromatic Air 432.00 mg 218.59 g
CxHy chloro Air 21.50 mg 10.88 g
cyanide* Water 687.00 ng 347.62 [V]V]e}
dichloromethane Air 14.10 mg 713 g
dioxin (TEQ) Air 0.87 pg 0.44 ng
dissolved solids* Water 10.10 g 5.11 kg
Douglas-fir logs* Raw 1.70 kg 861.00 kg
energy from hydro power*  Raw 1,150.00 kJ 581.90 MJ
energy from oil Raw 1.15 MJ 0.58 GJ

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in
impact assessment



Substance:

Fe*

Fe*

fluoride ions*
formaldehyde
H2S04*

HCI*

HF*

Hg

Hg

K*

kerosene*
limestone*

metallic ions*
metals

methane

methanol

methyl bromide
methyl ethyl ketone
methy! i-butyl ketone
Mn*

Mn*
n-nitrodimethylamine*
N20

Na*

Na*

naphthalene*
natural gas (feedstock)
natural gas

NH3*

Ni

nitrate*

non methane VOC
NOx

o-xylene

oil*

organic substances*
other organics*
particulates*®

Pb

Pb

phenol*

phenol*
phosphate*

radioactive substance to air*

Sb*
Se*
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Category: per kg of plywood: Unit: per MSF of plywood: Unit:

Air
Water
Water

Air
Water

Air

Air
Water

Air

Air

Air

Raw
Water

Air

Air

Air

Air

Air

Air
Water

Air

Air

Air

Air
Water

Air

Raw
Raw
Water

Air
Water

Air

Air

Air
Water

Air
Water

Air
Water

Air
Water

Air
Water

Non mat.

Air
Air

-168.00
653.00
26.60
62.20
130.00
801.00
109.00
36.00
427.00
-29.80
6.69
-4.18
128.00
38.60
1,270.00
108.00
7.97
17.60
36.90
348.00
-342.00
33.70
92.80
-688.00
10.60
-91.70
19.80
190.00
184.00
-7.91
2,510.00
1,800.00
1,420.00
5.63
177.00
41.30
28.90
212
10.50
-44.70
413.00
81.70
66.40
204.00
348.00
1,410.00

Hg
Hg
Hg
mg
Hg
Hg
Hg
ng
ng
mg
Hg
g
Hg
Hg
mg
mg
mg
mg
mg
Hg
Hg
ng
Hg
Hg
Hg
Hg
dm3
g
Hg
Hg
ng
mg
mg
mg
mg
mg
mg
g
ng
Hg
ng
mg
Hg
Bq
ng
ng

-85.01
330.42
13.46
31.47
65.78
405.31
55.156
18.22
216.06
-15.08
3.39
-2.12
64.77
19.53
642.62
54.65
4.03
8.91
18.67
176.09
-173.05
17.05
46.96
-348.13
5.36
-46.40
10,018.80
96.14
93.10
-4.00
1,270.06
910.80
718.52
2.85
89.56
20.90
14.62
1.07
5.31
-22.62
208.98
41.34
33.60
103,224.00
176.09
713.46

mg
mg
mg
g
mg
mg
mg
Hg
Hg

g
mg

3 3
caeaoaa 2 3a

mg
mg
Hg
mg
mg
mg
mg
dm3
g
mg
mg
Hg

Bq
ng
ng

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in

impact assessment



Substance:

S02

solid waste*

SOx

styrene

sulphate*
suspended solids*
tetrachloroethene
tetrachloromethane
toluene
trichloroethene
uranium*

vinyl chloride
VvOC

wood and wood wastes*

xylene
Zn
Zn

Category: per kg of plywood: Unit:
Air 46.30 mg
Solid 16.70 g
Air 6.71 g
Air 8.80 mg
Water 363.00 mg
Water 165.00 mg
Air 156.00 ng
Air 469.00 ng
Air 7.79 mg
Air 150.00 ng
Raw 28.60 Hg
Air 7.82 mg
Air 54.60 mg
Raw 68.20 mg
Air 5.95 mg
Water 157.00 Hg
Air -168.00 Hg

per MSF of plywood:

23.43
8.45
3.40
4.45

183.68
83.49
78.94

237.31

3.94

75.90

14.47
3.96

27.63

34.51
3.01

79.44

-85.01
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C
coeZgalg
-t

mg
mg

* Denotes substance not defined by the Eco-Indicatord9 Methodology, thus not included in

impact assessment
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Substance List: Shows the basic raw materials and emissions (air, water,
soil, solid, non-material) associated with manufacturing MSF of plywood in
the Southern region for the base case.

Substance: Cateqgory: per kg of plywood: Unit: per MSF of plywood: Unit:
1,2,4-trichlorobenzene Air 6.86 mg 3.97 g
1,2-dichloroethane Air 3.77 mg 2.18 g
acetaldehyde Air 42.40 mg 24.55 g
acetone Air 60.00 mg 34.74 g
Acid as H+* Water 8.40 ng 4.86 g
acrolein Air 17.80 mg 10.31 g
aldehydes Air 11.20 mg 6.48 g
alkenes Air 3,228.56 mg 1,869.34 g
ammonia Air 225.00 Hg 130.28 mg
As Air 18.20 Hg 10.54 mg
B* Water 5.34 mg 3.09 g
Ba* Air 676.00 Mg 391.40 mg
Be* Air 569.00 ng 329.45 Hg
benzene Air 9.05 mg 5.24 g
BOD* Water 5.58 mg 3.23 g
Ca* Water 20.60 Hg 11.93 mg
Cd Water 263.00 Hg 152.28 mg
Cd Air 1,100.00 ng 636.90 ug
chromate* Water 793.00 ng 459.15 Hg
Cl-* Water 264.00 mg 152.86 g
ci2* Air 1,200.00 mg 694.80 g
co* Air 2.83 g 1.64 kg
CcO2 Air 378.00 g 218.86 kg
CO2 (fossil) Air 343.00 g 198.60 kg
CO2 (non-fossil) Air 87.80 mg 50.84 g
coal Raw 368.00 g 213.07 kg
cobalt* Air 2.39 ug 1.38 mg
coD* Water 71.40 mg 41.34 g
Cr Water . 263.00 Hg 152.28 mg
Cr Air 13.80 ]3] 7.99 mg
crude oil Raw 10.30 g 5.96 kg
CxHy aromatic Air 192.00 mg 111.17 g
CxHy chloro Air 6.10 mg 3.53 g
cyanide* Water 395.00 ng 228.71 Hg
dichloromethane Air 3.22 mg 1.86 g
dioxin (TEQ) Air 11.30 pg 6.54 ng
dissolved solids* Water 5.79 g 3.35 g
energy from hydro power* Raw 41.40 kJ 23.97 MJ
energy from oil Raw 1.13 MJ 0.65 GJ

* Denotes substance not defined by Eco-Indicator99 Methodology, thus not included in impact
assessment



Substance:

Fe* Air
Fe* Water
fluoride ions* Water
formaldehyde Air
H2S04* Water
HCI* Air
HF* Air
Hg Water
Hg Air
K* Air
kerosene* Air
limestone* Raw
metallic ions* Water
metals Air
methane Air
methanol Air
methyl bromide Air
methyl ethyl ketone Air
methyl i-butyl ketone Air
Mn* Water
Mn* Air
n-nitrodimethylamine* Air
N20 Air
Na* Air
Na* Water
naphthalene* Air
natural gas (feedstock) Raw
natural gas FAL Raw
NH3* Water
Ni Air
nitrate* Water
non methane VOC Air
NOXx Air
o-xylene - Air
oil* Water
organic substances* Air
other organics* Water
particulates™® Air
Pb Water
Pb Air
phenol* Water
phenol* Air
phosphate* Water
radioactive substance to air* Non mat.
Sb* Air
Se* Air
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Category: per kg of plywood: Unit: per MSF of plywood: Unit:

676.00
7.49
95.20
127.00
1,330.00
10.70
1.48
20.70
4.06
120.00
23.90
21.20
179.00
34.90
1,020.00
181.00
3.58
9.51
8.54
4.60
1,400.00
449.00
1,190.00
2.76
37.80
369.00
19.40
110.00
134.00
103.00
8.97
1,070.00
1,710.00
3.84
102.00
71.50
17.50
2.1
14.90
271.00
580.00
81.50
668.00
2,060.00
1,060.00
15.10

g
mg
Hg
mg
ug
mg
mg
ng
ug
mg
ug
g
Hg
Hg
mg
mg
mg
mg
mg
mg
mg
ng
Hg
mg
Hg
ug
dm3
g
g
Hug
g
mg
mg
mg
mg
mg
mg
g
ng
Hg
ng
mg
Hg
Bq
ng
Hg

391.40
4.34
55.12
73.53
770.07
6.20
0.86
11.99
2.35
69.48
13.84
12.27
103.64
20.21
590.58
104.80
2.07
5.51
4.94
2.66
810.60
259.97
689.01
1.60
21.89
213.65
11,232.60
63.69
77.59
59.64
5.19
619.53
990.09
2.22
59.06
41.40
10.13
1.22
8.63
156.91
335.82
47.19
386.77
1,192,740.00
613.74
8.74

mg
g
mg
g
mg
g
g
Hg
mg
g
mg
kg
mg
mg

e3Feoocaoaoecae

3 3
@ @

dm3

=
(=]

mg

* Denotes substance not defined by Eco-Indicator99 Methodology, thus not included in impact

assessment
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Substance: Category: per kq of plywood: Unit: per MSF of plywood: Unit:
S02 Air 45.40 mg 26.29 g
solid waste* Solid 50.30 g 29.12 kg
Southern Yellow Pine logs®* Raw 1.50 kg 871.00 kg
SOx Air 4.65 g 2.69 kg
styrene Air 413 mg 2.39 g
sulphate* Water 218.00 mg 126.22 g
suspended solids* Water 173.00 mg 100.17 g
tetrachloroethene Air 2.02 Hg 1.17 mg
tetrachloromethane Air 2.56 Hg 1.48 mg
toluene Air 10.30 mg 5.96 g
trichloroethene Air 2.01 ug 1.16 mg
uranium* Raw 116.00 ug 67.16 mg
vinyl chloride Air 235 mg 1.36 g
vocC Air 53.50 mg 30.98 g
wood and wood wastes* Raw 116.00 mg 67.16 g
xylene Air 6.64 mg 3.84 g
Zn Water 90.40 Mg 52.34 mg
Zn Air 676.00 ug 391.40 mg

* Denotes substance not defined by Eco-Indicator99 Methodology, thus not included in impact
assessment
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Substance List: Shows the basic raw materials and emissions (air, water,
soil, solid, non-material) associated with manufacturing MSF of Plywood 3/8"
basis in the Southern region for the base case without a RTO.

Substance: Category: per kg of plywood: Unit: per MSF of Plywood: Unit:
1,2,4-trichlorobenzene Air 7.58 mg 4.39 g
1,2-dichloroethane Air 4.14 mg 240 g
acetaldehyde Air 58.90 mg 34.10 g
acetone Air 78.20 mg 45.28 g
Acid as H+* Water 8.28 ng 4.79 Hg
acrolein Air 18.80 mg 10.89 g
aldehydes Air 11.90 mg 6.89 g
alkenes Air 5.86 g 3.39 g
ammonia Air 217.00 Hg 125.64 mg
As Air 17.80 Hg 10.31 mg
B* Water 5.26 mg 3.05 g
Ba* Air 658.00 Hg 380.98 mg
Be* Air 560.00 ng 324.24 Hg
benzene Air 9.75 mg 5.65 g
BOD* Water 547 mg 3.17 g
Ca* Water 19.80 Hg 11.46 mg
Cd Water 258.00 Hg 149.38 mg
Cd Air 1,080.00 ng 625.32 Hg
chromate* Water 771.00 ng 446.41 g
Cl-* Water 259.00 mg 149.96 g
cl2* Air 1,170.00 mg 677.43 g
Cco* Air 2.73 g 1.58 kg
Cco2 Air 370.00 g 214.23 kg
CO2 (fossil) Air 336.00 g 194.54 kg
CO2 (non-fossil) Air 86.00 mg 49.79 g
coal Raw 359.00 g 207.86 kg
cobalt* Air 235 Hg 1.36 mg
cob* Water 69.90 mg 40.47 g
Cr Water 258.00 Hg 149.38 mg
Cr Air 13.50 g 7.82 mg
crude oil Raw 10.10 g 5.85 kg
CxHy aromatic Air 213.00 mg 123.33 g
CxHy chloro Air 6.75 mg 3.91 g
cyanide* Water 387.00 ng 22407 Hg
dichloromethane Air 3.55 mg 2.06 g
dioxin (TEQ) Air 11.10 pg 6.43 ng
dissolved solids* Water 5.68 g 3.29 kg
energy from hydro power*  Raw 39.60 kJ 22,93 MJ
energy from oil Raw 1.13 MJ 0.65 GJ

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in
impact assessment



Substance;

ethane

Fe*

Fe*

fluoride ions*
formaldehyde
H2S04*

HCI*

HF*

Hg

Hg

K*

kerosene*
limestone*

metallic ions*
metals

methane

methanol

methyl bromide
methyl ethyl ketone
methyl i-butyl ketone
Mn*

Mn*
n-nitrodimethylamine*
N20

Na*

Na*

naphthalene*

natural gas (feedstock)

natural gas

NH3*

Ni

nitrate*

non methane VOC
NOx

o-xylene

oil*

organic substances*
other organics*
particulates*

Pb

Pb

phenol*

phenol*
phosphate*

radioactive substance to air* Non mat.

Sb*
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Category: per kg of plywood: Unit: per MSF of Plywood: Unit:

Air
Air
Water
Water
Air
Water
Air
Air
Water
Air
Air
Air
Raw
Water
Air
Air
Air
Air
Air
Air
Water
Air
Air
Air
Air
Water
Air
Raw
Raw
Water
Air
Water
Air
Air
Air
Water
Air
Water
Air
Water
Air
Water
Air
Water

Air

1.76
658.00
7.38
91.70
138.00
1,320.00
10.50
1.46
20.30
4.00
117.00
23.00
20.70
176.00
34.20
984.00
231.00
3.97
10.40
9.45
4.54
1,360.00
443.00
1,170.00
2.69
36.40
359.00
19.40
107.00
131.00
100.00
8.64
1,050.00
1,680.00
4.29
99.80
70.80
17.20
3.02
14.70
264.00
572.00
81.10
659.00
2,020.00
1,050.00

mg
Hg
mg
Hg
mg
Hg
mg
mg
ng
Hg
mg
Hg
g
Hg
Hg
mg
mg
mg
mg
mg
mg
mg
ng
Hg
mg
Hg
Hg
dm3
g
Hg
Hg
Mg
mg
mg
mg
mg
mg
mg
g
ng
Hg
ng
mg
Hg
Bq
ng

1.02
380.98
427
53.09
79.90
764.28
6.08
0.85
11.75
2.32
67.74
13.32
11.99
101.90
19.80
569.74
133.75
2.30
6.02
5.47
2.63
787.44
256.50
677.43
1.56
21.08
207.86
11,232.60
61.95
75.85
57.90
5.00
607.95
972.72
2.48
57.78
40.99
9.96
1.75
8.51
152.86
331.19
46.96
381.56
1,169,580.00
607.95

g
mg
g
mg
g
mg
g
g

Hg
mg

3T 3 =
ecdFecccecea333F3e

mg
mg
dm3
kg
mg
mg
mg

Bq
Hg

* Denotes substance not defined by the Eco-Indicator39 Methodology, thus not included in

impact assessment



Substance:

Se*

S02

solid waste*

Southern Yellow Pine logs*
SOx

styrene

sulphate*

suspended solids*
tetrachloroethene
tetrachloromethane
toluene

trichloroethene
uranium*

vinyl chloride

vOC

wood and wood wastes*
xylene

Zn

Zn

Air
Air
Solid
Raw
Air
Air
Water
Water
Air
Air
Air
Air
Raw
Air
Air
Raw
Air
Water
Air

14.90
45.40
49.30
1.50
4.56
4.55
214.00
170.00
1.99
2.52
10.70
1.98
112.00
2.60
53.50
114.00
7.08
88.70
658.00

Hg
mg
g
kg
g
mg
mg
mg
Hg
Hg
mg
Hg
Hg
mg
mg
mg
mg
Hg
Hg

8.63
26.29
28.54

871.00

2.64

2.63
123.91
98.43

1.15

1.46

6.20

1.15
64.85

1.51
30.98
66.01

4.10
51.36

380.98
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Category: per kg of plywood: Unit: per MSF of Plywood: Unit:

mg
g
kg
kg
kg
g
g
g
mg
mg
g
mg
mg
g
g
g
g
mg
mg

* Denotes substance not defined by the Eco-Indicatord9 Methodology, thus not included in

impact assessment
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Substance List: Shows the basic raw materials and emissions (air, water,
soil, solid, non-material) associated with manufacturing MSF of Plywood 3/8"
basis in the Southern region for the base case with one direct-natural gas-
fired dryer and onw indirect steam heated dryer fed into a RCO.

Substance: Category: per kg of plywood: Unit: per MSF of Plywood: Unit:
1,2,4-trichlorobenzene Air - 7.65 mg 4.43 g
1,2-dichloroethane Air 413 mg 2.39 g
acetaldehyde Air 89.00 mg 51.53 g
acetone Air 96.70 mg 55.99 g
Acid as H+* Water 7.90 ng 4.57 ug
acrolein Air 18.40 mg 10.65 g
aldehydes Air 12.10 mg 7.01 g
alkenes Air 3.29 g 1.90 g
ammonia Air 223.00 Hg 129.12 mg
As Air 14.10 Hg 8.16 mg
B* Water 5.35 mg 3.10 g
Ba* Air 466.00 g 269.81 mg
Be* Air 565.00 ng 327.14 Mg
benzene Air 9.63 mg 5.58 g
BOD* Water 6.70 mg 3.88 g
Ca* Water 20.50 Hg 11.87 mg
Cd Water 316.00 Hg 182.96 mg
Cd Air 1,160.00 ng 671.64 Hg
chromate* Water 864.00 ng 500.26 Mg
Cl-* Water 317.00 mg 183.54 g
cl2* Air 828.00 Mg 479.41 mg
co* Air 2,240.00 g 1,296.96 kg
COo2 Air 278.00 g 160.96 kg
CO2 (fossil) Air 391.00 g 226.39 kg
CO2 (non-fossil) Air 97.70 mg 56.57 g
coal Raw 272.00 g 157.49 kg
cobalt* Air 2.47 Mg 1.43 mg
COoD* Water 87.70 mg 50.78 g
Cr Water 316.00 Hg 182.96 mg
Cr Air 11.50 Mg 6.66 mg
crude oil Raw 9.22 g 5.34 kg
CxHy aromatic Air 214.00 mg 123.91 g
CxHy chloro Air 6.77 mg 3.92 g
cyanide* Water 474.00 ng 274.45 Mg
dichloromethane Air 3.61 mg 2.09 g
dioxin (TEQ) Air 11.30 pg 6.54 ng
dissolved solids* Water 6.96 g 4.03 kg
energy from hydro power* Raw 41.00 kJ 23.74 MJ
energy from oil Raw 1.13 MJ 0.65 GJ

* Denotes substance not defined by the Eco-Indicatord9 Methodology, thus not included in
impact assessment



Substance:

ethane

Fe*

Fe*

fluoride ions*
formaldehyde
H2S04*

HCI*

HF*

Hg

Hg

K*

kerosene*
limestone*

metallic ions*
metals

methane

methanol

methyl bromide
methyl ethyl ketone
methyl i-butyl ketone
Mn*

Mn*
n-nitrodimethylamine*
N20

Na*

Na*

naphthalene*

natural gas (feedstock)

natural gas

NH3*

Ni

nitrate*

non methane VOC
NOx

o-xylene

oil*

organic substances*
other organics*
particulates*

Pb

Pb

phenol*

phenol*
phosphate*

radioactive substance to air*

Sb*
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Category: per kg of plywood: Unit: per MSF of Plywood: Unit:

Air
Air
Water
Water
Air
Water
Air
Air
Water
Air
Air
Air
Raw
Water
Air
Air
Air
Air
Air
Air
Water
Air
Air
Air
Air
Water
Air
Raw
Raw
Water
Air
Water
Air
Air
Air
Water
Air
Water
Air
Water
Air
Water
Air
Water
Non mat.
Air

7.05
466.00
7.50
95.10
155.00
1,340.00
10.70
1.48
24.80
4.06
82.60
23.90
15.70
169.00
38.80
1,210.00
183.00
3.98
10.40
9.40
4.61
968.00
450.00
1,190.00
1,910.00
37.80
254.00
19.40
131.00
155.00
77.40
8.97
1,270.00
1,760.00
427
122.00

- 63.90
20.90
210
14.00
193.00
546.00
80.70
670.00
2,060.00
1,090.00

mg
Hg
mg
Hg
mg
Hg
mg
mg
ng
Hg
mg
Hg
g
Hg
Hg
mg
mg
mg
mg
mg
mg
Hg
ng
Hg
mg
Hg
Hg

dm3

g
Hg
Hg
Hg
mg
mg
mg
mg
mg
mg

g
ng
Hg
ng
mg
Hg
Bq
ng

4.08
269.81
4.34
55.06
89.75
775.86
6.20
0.86
14.36
2.35
47.83
13.84
9.09
97.85
22.47
700.59
105.96
2.30
6.02
5.44
2.67
560.47
260.55
689.01
1,105.89
21.89
147.07
11,232.60
75.85
89.75
44.81
5.19
735.33
1,019.04
2.47
70.64
37.00
12.10
1.22
8.1
111.75
316.13
46.73
387.93
1,192,740.00
631.11

g
mg
g
mg
g
mg
g
g
Hg
mg
g
mg
kg
mg
mg

QQQaaaaQaQ

mg
Hg
mg
g
mg
mg
dm3
kg
mg
mg
mg

Hg

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in

impact assessment



Substance:

Se*

S02

solid waste*

Southern Yellow Pine logs*
SOx

styrene

sulphate*

suspended solids*
tetrachloroethene
tetrachloromethane
toluene

trichloroethene
uranium*

vinyl chloride

VvOC

wood and wood wastes*
xylene

Zn

Zn
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Category: per kg of plywood: Unit: per MSF of Plywood: Unit:

Air
Air
Solid
Raw
Air
Air
Water
Water
Air
Air
Air
Air
Raw
Air
Air
Raw
Air
Water
Air

15.10
45.40
47.90
1.50
5.42
4.55
260.00
193.00
2.02
2.59
10.70
2.01
113.00
2.61
53.50
109.00
7.06
109.00
466.00

Hg
mg
g
kg
g
mg
mg
mg
Hg
Hg
mg
Hg
Hg
mg
mg
mg
mg
Hg
Hg

8.74
26.29
27.73

871.00

3.14

2.63
150.54
111.75

1.17

1.50

6.20

1.16
65.43

1.51
30.98
63.11

4.09
63.11

269.81

mg
g
kg
kg
kg
g
g
g
mg
mg
g
mg
mg
g
g
g
g
mg
mg

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in

impact assessment
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Substance List: Shows the basic raw materials and emissions (air, water,
soil, solid, non-material) associated with manufacturing MSF of Plywood 3/8"
basis in the Southern region for the base case using 100% hog fuel for
heating.

Substance: Category: per kg of plywood: Unit: per MSF of Plywood: Unit:
1,2,4-trichlorobenzene Air 6.86 mg 3.97 g
1,2-dichloroethane Air 3.77 mg 2.18 g
acetaldehyde Air 42.90 mg 24.84 g
acetone Air '60.00 mg 34.74 g
Acid as H+* Water 4.47 ng 2.59 Hg
acrolein Air 17.80 mg 10.31 g
aldehydes Air 10.50 mg 6.08 g
alkenes Air 3.23 g 1.87 g
ammonia Air 197.00 g 114.06 mg
As - Air 32.70 Hg 18.93 mg
B* Water 5.21 mg 3.02 g
Ba* Air 1,420.00 Hg 822.18 mg
Be* Air 514.00 ng 297.61 Hg
benzene Air 9.66 mg 5.59 g
BOD* Water 1.30 mg 0.75 g
Ca* Water 19.90 Hg 11.52 mg
Cd Water 64.20 g 37.17 mg
Cd Air 527.00 ng 305.13 Mg
chromate* Water 446.00 ng 258.23 Hg
Cl-* Water 64.70 mg 37.46 g
ci2* Air 2.51 mg 1.45 g
co* Air 4.73 g 2.74 kg
C0O2 Air 732.00 g 423.83 kg
CO2 (fossil) Air 145.00 g 83.96 kg
CO2 (non-fossil) Air 45.90 mg 26.58 g
coal Raw 706.00 g 408.77 kg
cobalt* Air 1.99 Mg 1.15 mg
COD* Water 10.20 mg 5.91 g
Cr Water 64.20 Hg 37.17 mg
Cr Air 20.50 Mg 11.87 mg
crude oil Raw 8.96 g 5.19 kg
CxHy aromatic Air 192.00 mg 111.17 g
CxHy chloro Air 6.10 mg 3.53 g
cyanide* Water 96.20 ng 55.70 Hg
dichloromethane Air 3.22 mg 1.86 g
dioxin (TEQ) Air 11.10 pg 6.43 ng
dissolved solids* Water 1.40 g 0.81 kg
energy from hydro power* Raw 41.40 kd 23.97 MJ
energy from oil Raw 1.13 MJ 0.65 GJ

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in
impact assessment



Substance:
Fe*

Fe*

fluoride ions*
formaldehyde
H2S04*
HCI*

HF*

Hg

Hg

Kt

kerosene*
limestone*
metallic ions*
metals
methane
methanol

methyl bromide
methyl ethyl ketone
methyl i-butyl ketone

Mn*
Mn*

n-nitrodimethylamine*®

N20

Na*

Na*
naphthalene*

natural gas (feedstock)

natural gas
NH3*

Ni

nitrate*

non methane VOC

NOx
o-xylene
oil*

organic substances*
other organics*

particulates*
Pb

Pb

phenol*
phenol*
phosphate*

radioactive substance to air*

Sb*
Se*

Category:

Air
Water
Water

Air
Water

Air

Air
Water

Air

Air

Air

Raw
Water

Air

Air

Air

Air

Air

Air
Water

Air

Air

Air

Air
Water

Air

Raw
Raw
Water

Air
Water

Air

Air

Air
Water

Air
Water

Air
Water

Air
Water

Air
Water

Non mat.

Air

Air
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per kg of piywood: Unit: per MSF of Plywood: Unit:

1,420.00
7.38
92.30
128.00
1,300.00
10.50
1.46
5.04
3.90
251.00
23.20
40.70
95.00
18.40
474.00
181.00
3.58
9.51
8.54
4.54
291
443.00
1,170.00
5.79
36.70
772.00
19.40
27.60
45.80
191.00
8.71
285.00
1,460.00
3.84
24.90
98.10
5.03
212
7.92
392.00
309.00
88.20
651.00
2,020.00
924.00
14.70

g
mg
Hg
mg
Mg
mg
mg
ng
Hg
mg
Hg
g
g
Hg
mg
mg
mg
mg
mg
mg
mg
ng
Hg
mg
Hg
Hg
dm3
g
g
g
g
mg
mg
mg
mg
mg
mg
g
ng
Mg
ng
mg
g
Bq
ng
g

822.18
4.27
53.44
74.11
752.70
6.08
0.85
2.92

2.26 -
145.33
13.43
23.57
55.01
10.65
274.45
104.80
2.07
5.51
4.94
2.63
1.68
256.50
677.43
3.35
21.25
446.99
11,232.60
15.98
26.52
110.59
5.04
165.02
845.34
222
14.42
56.80
2.9
1.23
4.59
226.97
178.91
51.07
376.93
1,169,580.00
535.00
8.51

mg
g
mg
g
mg
g
g
Hg
mg
g
mg
kg
mg

mg

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in

impact assessment



Substance:

SO2

solid waste*

Southern Yellow Pine logs
SOx

styrene

sulphate*

suspended solids*
tetrachloroethene
tetrachloromethane
toluene

trichloroethene
uranium*

vinyl chloride

vVOC

wood and wood wastes*
xylene

Zn

Zn

*
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Category: per kg of plywood: Unit: per MSF of Plywood: Unit:

Air
Solid
Raw

Air

Air

Water
Water

Air

Air

Air

Air
Raw

Air

Air
Raw

Air

Water

Air

45.40
57.60
1.50
1.75
4.13
61.80
93.90
1.99
2.40
10.30
1.98
120.00
235
53.50
136.00
6.64
2210
1,420.00

mg
g
kg
g
mg
mg
mg
Mg
Hg
mg
Hg
Hg
mg
mg
mg
mg
Mg
Hg

26.29
33.35
871.00
1.01
2.39
35.78
54.37
1.15
1.39
5.96
1.15
69.48
1.36
30.98
78.74
3.84
12.80
822.18

Y
kg
kg
kg
g
g
9
mg
mg
Y
mg
mg
g
g
g
g
mg
mg

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in

impact assessment
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Substance List: Shows the basic raw materials and emissions (air, water,
soil, solid, non-material) associated with manufacturing MSF of plywood 3/8"
basis in the Southern region for the base case using 100% Natural Gas for
heating.

Substance: Category: per kg of plywood: Unit: per MSF of Plywood: Unit:
1,2,4-trichlorobenzene Air 6.86 mg 3.97 g
1,2-dichloroethane Air 3.77 mg 2.18 g
acetaldehyde Air 41.90 mg 24.26 g
acetone Air 60.00 mg 34.74 g
Acid as H+* Water 6.35 ng 3.68 g
acrolein Air 17.80 mg 10.31 g
aldehydes Air 11.50 mg 6.66 g
alkenes Air 3,228.56 mg 1,869.34 g
ammonia Air 225.00 Mg 130.28 mg
As Air 3.66 Mg 212 mg
B* Water 5.45 mg 3.16 g
Ba* Air -62.00 ug -35.90 mg
Be* Air 555.00 ng 321.35 Mg
benzene Air 8.45 mg 4.89 g
BOD* Water 10.00 mg 5.79 g
Ca* Water 21.10 Mg 12.22 mg
Cd Water 475.00 Hg 275.03 mg
Cd Air 1,320.00 ng 764.28 ug
chromate* Water 1,090.00 ng 631.11 Mg
Cl-* Water 476.00 mg 275.60 g
Cl2* Air -108.00 Hg -62.53 mg
co* Air 950.00 mg 550.05 g
CO2 Air 26.30 g 15.23 kg
CO2 (fossil) Air 537.00 g 310.92 kg
CO02 (non-fossil) Air 128.00 mg 74.11 g
coal Raw 31.50 g 18.24 kg
cobalt* Air 273 ug 1.58 mg
coD* Water 136.00 mg 78.74 g
Cr Water 475.00 Mg 275.03 mg
Cr Air 5.69 ug 3.29 mg
crude oil Raw 6.23 g 3.61 kg
CxHy aromatic Air 192.00 mg 111.17 g
CxHy chloro Air 6.10 mg 3.53 g
cyanide* Water 713.00 ng 412.83 Hg
dichloromethane Air 3.22 mg 1.86 g
dioxin (TEQ) Air 11.50 pg 6.66 ng
dissolved solids* Water 10.50 g 6.08 kg
energy from hydro power* Raw 41.40 kJ 23.97 MJ
energy from oil Raw 1.13 MJ 0.65 GJ

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in
impact assessment



Substance:

Fe*

Fe*

fluoride ions*
formaldehyde
H2S04*

HCI*

HF*

Hg

Hg

K*

kerosene*
limestone*

metallic ions*
metals

methane

methanol

methy! bromide
methyl ethyl ketone
methyl i-butyl ketone
Mn*

Mn*
n-nitrodimethylamine*
N20

Na*

Na*

naphthalene*
natural gas (feedstock)
natural gas

NH3*

Ni

nitrate

non methane VOC
NOx

o-xylene

oil*

organic substances*
other organics*
particulates*®

Pb

Pb

phenol*

phenol*
phosphate*

radioactive substance to air*

Sb*
Se*
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Category: per kg of plywood: Unit: per MSF of Plywood: Unit:

Air
Water
Water

Air
Water

Air

Air
Water

Air

Air

Air

Raw
Water

Air

Air

Air

Air

Air

Air
Water

Air

Air

Air

Air
Water

Air

Raw
Raw
Water

Air
Water

Air

Air

Air
Water

Air
Water

Air
Water

Air
Water

Air
Water

Non mat.

Air

Air

-62.00
7.60
97.90
126.00
1.36
10.80
1.50
37.30
4.12
-11.00
24.60
1.82
136.00
50.70
1,600.00
181.00
3.58
9.51
8.54
4.66
-112.00
455.00
1,210.00
-254.00
38.90
-33.70
19.40
197.00
219.00
14.00
9.23
1,870.00
1,970.00
3.84
183.00
44.90
30.90
2.10
11.10
-10.20
438.00
74.80
683.00

2,100.00

1,190.00
15.40

Hg
mg
Hg
mg
mg
mg
mg
ng
Hg
mg
Hg
9
Hg
Hg
mg
mg
mg
mg
mg
mg
Hg
ng
Hg
Hg
Hg
Hg

dm3

9
Hg
Hg
Hg
mg
mg
mg
mg
mg
mg

9
ng
Hg
ng
mg
Hg
Bq
ng
Hg

-35.90
4.40
56.68
72.95
0.79
6.25
0.87
21.60
2.39
-6.37
14.24
1.05
78.74
29.36
926.40
104.80
2.07
5.51
494
2.70
-64.85
263.45
700.59
-147.07
22.52
-19.51
11,232.60
114.06
126.80
8.11
5.34
1,082.73
1,140.63
222
105.96
26.00
17.89
1.22
6.43
-5.91
253.60
43.31
395.46
1,215,900.00
689.01
8.92

mg
9
mg
g
g
g
g
Hg
mg
g
mg
kg
mg
mg

3
aeoaoaaa

mg
mg
mg
mg
mg
dm3
kg
mg
mg

cococococococoé

Hg
mg
Hg
g
mg
Bq
Hg
mg

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in

impact assessment



Substance:

S02

solid waste*

Southern Yellow Pine logs
SOx

styrene

sulphate*

suspended solids*
tetrachloroethene
tetrachloromethane
toluene

trichloroethene
uranium*

vinyl chloride

vOC

wood and wood wastes*
xylene

Zn

Zn

*
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Category: per kg of plywood: Unit: per MSF of Plywood: Unit:

Air
Solid
Raw

Air

Air

Water
Water

Air

Air

Air

Air
Raw

Air

Air
Raw

Air

Water

Air

45.40
43.40
1.50
7.72
413
385.00
256.00
2.05
2.72
10.30
2.04
111.00
235
53.50
95.70
6.64
163.00
-62.00

mg
g
kg
g
mg
mg
mg
Hg
Hg
mg
Hg
Hg
mg
mg
mg
mg
Hg
Hg

26.29
25.13
871.00
447
2.39
222.92
148.22
1.19
1.57
5.96
1.18
64.27
1.36
30.98
556.41
3.84
94.38
-35.90

g
kg
kg
kg

g

g

g
mg
mg

g
mg

mg
mg

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in

impact assessment
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Substance List: Shows the basic raw materials and emissions (air, water,
soil, solid, non-material) associated with manufacturing MCF of LVL in the
PNW for the base case.

Substance: Category: perkgof LVL: Unit: per MCF of LVL:  Unit:
1,2,4-trichlorobenzene Air 14.90 mg 249.41 g
1,2-dichloroethane Air 8.16 mg 136.59 g
acetaldehyde Air 30.80 mg 515.56 g
acetone Air 26.30 mg 440.24 g
Acid as H+* Water 11.20 ng 187.48 g
acrolein Air 15.70 mg 262.80 g
aldehydes Air 20.70 mg 346.50 g
alkenes Air 1,488.58 mg 24,917.34 g
ammonia Air 78.90 Hg 1,320.71 mg
As Air 18.00 Hg 301.30 mg
B* Water 379.00 Hg 6,344.08 mg
Ba* Air 866.00 Hg 14,495.97 mg
Be* Air 120.00 ng 2,008.68 Hg
benzene Air 7.00 mg 117.17 g
BOD* Water 3.66 mg 61.26 g
Ca* Water 4.96 Hg 83.03 mg
Cd Water 174.00 Hg 2,912.59 mg
Cd Air 817.00 ng 13,675.76 Hg
chromate* Water 402.00 ng 6,729.08 Hg
cl-* Water 174.00 mg 2,912.59 g
Cl2* Air 1.54 mg 25.78 g
co* Air 3.21 g 53.73 kg
CO2 Air 495.00 g 8,285.81 kg
CO2 (fossil) Air 124.00 g 2,075.64 kg
CO2 (non-fossil) Air 4570 mg 764.97 g
coal Raw 400.00 g 6,695.60 kg
cobalt* Air 526.00 ng 8,804.71 Hg
cobD* Water 39.70 mg 664.54 g
Cr Water 174.00 Hg 2,912.59 mg
Cr Air 11.40 Hg 190.82 mg
crude oil Raw 13.10 g 219.28 kg
CxHy aromatic Air 419.00 mg 7,013.64 g
CxHy chloro Air 20.80 mg 348.17 g
cyanide* Water 261.00 ng 4,368.88 Hg
Douglas-fir logs* Raw 1.67 kg 27,562.00 kg
dichloromethane Air 13.60 mg 227.65 g
dioxin (TEQ) Air 0.69 pg 11.47 ng
dissolved solids* Water 3.82 g 63.94 kg
energy from hydro power* Raw 1,170.00 kJ 19,584.63 MJ
energy from oil Raw 1.66 MJ 27.79 GJ

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in
impact assessment
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Substance: Category: perkgof LVL: Unit: per MCF of LVL: Unit:

Fe* Air 866.00 Hg 14,495.97 mg
Fe* Water 532.00 Mg 8,905.15 mg
fluoride ions* Water 22.90 g 383.32 mg
formaldehyde Air 84.40 mg 1,412.77 g
H2S04* Water 94.80 Hg 1,586.86 mg
HCI* Air 643.00 Hg 10,763.18 mg
HF* Air 88.30 Hg 1,478.05 mg
Hg Water 13.70 ng 229.32 Mg
Hg Air 393.00 ng 6,578.43 ug
K* Air 154.00 mg 2,577.81 g
kerosene* Air 5.76 ug 96.42 mg
limestone* Raw 23.00 g 385.00 kg
metallic ions* Water 238.00 ug 3,083.88 mg
metals Air 18.20 Hg 304.65 mg
methane Air 493.00 mg 8,252.33 g
methanol Air 105.00 mg 1,757.60 g
methyl bromide Air 7.80 mg 130.56 g
methyl ethyl ketone Air 17.10 mg 286.24 g
methyl i-butyl ketone Air 35.70 mg 597.58 g
Mn* Water 279.00 Mg 4,670.18 mg
Mn* Air 1.77 mg 29.63 g
n-nitrodimethylamine* Air 27.00 ng 451.95 Hg
N20 Air 73.00 Mg 1,221.95 mg
Na* Air 3.54 mg 59.26 g
Na* Water 9.12 Mg 152.66 mg
naphthalene* Air 472.00 Mg 7,900.81 mg
natural gas (feedstock) Raw 28.40 dm3 475,387.60 dm3
natural gas Raw 72.70 g 1,216.93 kg
NH3* Water 65.10 Hg 1,089.71 mg
Ni Air 118.00 Hg 1,975.20 mg
nitrate* Water 2,160.00 ng 36,156.24 g
non methane VOC Air 742.00 mg 12,420.34 g
NOXx Air 961.00 mg 16,086.18 g
o-xylene Air 5.46 mg 91.39 g
oil* Water 67.50 mg 1,129.88 g
organic substances* Air 98.20 mg 1,643.77 g
other organics* Water 11.00 mg 184.13 g
particulates* Air 2.14 g 35.82 kg
Pb Water 19.80 ng 331.43 ug
Pb Air 314.00 ug 5,256.05 mg
phenol* Water 772.00 ng 12,922.51 mg
phenol* Air 118.00 mg 1,975.20 g
phosphate* Water 48.10 Mg 805.15 mg
radioactive substance to air*  Non mat. 152.00 Bq 2,544,328.00 Bq
Sb* Air 198.00 ng 3,314.32 g
Se* Air 1,050.00 ng 17,575.95 ug

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in
impact assessment



Substance:

S02

solid waste*

SOx

styrene

sulphate*
suspended solids*
tetrachloroethene
tetrachloromethane
toluene
trichloroethene
uranium*

vinyl chloride
VOC

wood and wood wastes*

xylene
Zn
Zn

Category:

Air
Solid
Air
Air
Water
Water
Air
Air
Air
Air
Raw
Air
Air
Raw
Air
Water
Air
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perkgof LVL: Unit: per MCF of LVL:  Unit:
66.40 mg 1,111.47 g
26.90 g 450.28 kg
2.59 g 43.35 kg
8.53 mg 142.78 g
139.00 mg 2,326.72 g
43.50 mg 728.15 g
123.00 ng 2,058.90 ug
264.00 ng 4,419.10 ug
7.55 mg 126.38 g
120.00 ng 2,008.68 ug
35.60 Hg 595.91 mg
7.58 mg 126.88 g
78.30 mg 1,310.66 g
101.00 mg 1,690.64 g
5.77 mg 96.58 g
59.90 ug 1,002.67 mg
866.00 ug 14,495.97 mg

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in

impact assessment
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Substance List: Shows the basic raw materials and emissions (air, water,
soil, solid, non-material) associated with manufacturing MCF of LVL in the
PNW for the base case without the WESP.

Substance: Category: perkgofLVL: Unit: per MCF of LVL: Unit:
1,2,4-trichlorobenzene Air 15.10 mg 252.76 g
1,2-dichloroethane Air 8.26 mg 138.26 g
acetaldehyde Air 30.80 mg 515.56 g
acetone Air 34.00 mg 569.13 g
Acid as H+* Water 11.20 ng 187.48 Hg
acrolein Air 13.00 mg 217.61 g
aldehydes Air 20.80 mg 348.17 g
alkenes Air 1,440.00 mg 24,104.16 g
ammonia Air 78.20 ug 1,308.99 mg
As Air 18.00 Hg 301.30 mg
B* Water 372.00 Hg 6,226.91 mg
Ba* Air 866.00 Mg 14,495.97 mg
Be* Air 119.00 ng 1,991.94 ]e]
benzene Air 6.41 mg 107.30 g
BOD* , Water 3.66 mg 61.26 g
Ca* Water 4.80 g 80.35 mg
Cd Water 174.00 g 2,912.59 mg
Cd Air 817.00 ng 13,675.76 Hg
chromate* Water 401.00 ng 6,712.34 g
Cl-* Water 174.00 mg 2,912.59 g
ci2* Air 1.54 mg 2578 g
co* Air 3.21 g 53.73 kg
CO2 Air 495.00 g 8,285.81 kg
CO2 (fossil) Air 124.00 g 2,075.64 kg
CO2 (non-fossil) Air 45.60 mg 763.30 g
coal Raw 399.00 g 6,678.86 kg
cobalt* Air 524.00 ng 8,771.24 Hg
CcOoD* Water 39.70 mg 664.54 o]
Cr Water 174.00 Hg 2,912.59 mg
Cr Air 11.40 Hg 190.82 mg
crude oil Raw 13.10 g 219.28 kg
CxHy aromatic Air 424.00 mg 7,097.34 g
CxHy chioro Air 17.50 mg 292.93 g
cyanide* Water 261.00 ng 4,368.88 Mg
dichloromethane Air 13.70 mg 229.32 g
dioxin (TEQ) Air 0.67 pg 11.22 ng
dissolved solids* Water 3.82 g 63.94 kg
Douglas-fir logs* Raw 1.67 kg 27,562.00 kg
energy from hydro power* Raw 1,130.00 kJ 18,915.07 MJ
energy from oil Raw 1.66 MJ 27.79 GJ

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in
impact assessment



Substance:

Fe*

Fe*

fluoride ions*
formaldehyde
H2S04*

HCI*

HF*

Hg

Hg

K*

kerosene*
limestone*

metallic ions*
metals

methane

methanol

methyl bromide
methyl ethyl ketone
methyl i-butyl ketone
Mn*

Mn*
n-nitrodimethylamine*
N20

Na*

Na*

naphthalene*
natural gas (feedstock)
natural gas

NH3*

Ni

nitrate*

non methane VOC
NOx

o-xylene

oil*

organic substances*
other organics*
particulates*®

Pb

Pb

phenol*

phenol*
phosphate*

radioactive substance to air*

Sb*
Se*

Category:

Air
Water
Water

Air
Water

Air

Air
Water

Air

Air

Air

Raw
Water

Air

Air

Air

Air

Air

Air
Water

Air

Air

Air

Air
Water

Air

Raw
Raw
Water

Air
Water

Air

Air

Air
Water

Air
Water

Air
Water

Air
Water

Air
Water

Non mat.

Air
Air
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perkgof LVL: Unit: per MCF of LVL: Unit:

866.00
520.00
22.20
95.80
93.10
628.00
86.30
13.70
387.00
154.00
5.58
23.00
238.00
18.10
492.00
104.00
7.91
17.50
36.50
273.00
1.77
26.40
71.40
3.54
8.83
472.00
2840
72.70
64.80
118.00
2,100.00
742.00
961.00
5.58
67.50
98.20
11.00
2.03
19.80
314.00
772.00
115.00
47.20
149.00
196.00
1,030.00

Hg
Hg
Hg
mg
Hg
Mg
Hg
ng
ng
mg
Hg
g
Mg
Hg
mg
mg
mg
mg
mg
MHg
mg
ng
Hg
mg
Mg
Mg
dm3
g
Hg
Mg
ng
mg
mg
mg
mg
mg
mg
g
ng
Hg
ng
mg
Hg
Bq
ng
ng

14,495.97
8,704.28
371.61
1,603.60
1,558.40
10,512.09
1,444.58
229.32
6,477.99
2,577.81
93.40
385.00
3,983.88
302.98
8,235.59
1,740.86
132.41
292.93
610.97
4,569.75
29.63
441.91
1,195.16
59.26
147.81
7,900.81

475,387.60

1,216.93
1,084.69
1,975.20
35,151.90
12,420.34
16,086.18
93.40
1,129.88
1,643.77
184.13
33.98
331.43
5,256.05
12,922.51
1,924.99
790.08
2,494 11
3,280.84
17,241.17

mg
mg
mg
g
mg
mg
mg
Hg
Hg
9
mg
kg
mg

3T 3 3
aggeZeanaad

mg
mg
dm3
kg
mg
mg
Mg
g

g
g
g
g

g
kg
Hg
mg
Hg
g
mg
Bq
Hg
Hg

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in

impact assessment



Substance: Category: per kg of LVL:
S02 Air 66.40
solid waste* Solid 26.90
SOx Air 2.59
styrene Air 8.66
sulphate* Water 139.00
suspended solids* Water 43.40
tetrachloroethene Air 120.00
tetrachloromethane Air 261.00
toluene Air 8.40
trichloroethene Air 118.00
uranium* Raw 34.80
vinyl chloride Air 5.19
vVOC Air 78.30
wood and wood wastes* Raw 101.00
xylene Air 472
Zn Water 59.90
Zn Air 866.00

Unit:

mg
g
g
mg
mg
mg
ng
ng
mg
ng
Hg
mg
mg
mg
mg
Hg
Hg

per MCF of LVL

1,111.47
450.28
43.35
144.96
2,326.72
726.47
2,008.68
4,368.88
140.61
1,975.20
582.52
86.88
1,310.66
1,690.64
79.01
1,002.67
14,495.97
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Unit:

TT =
e FIe

mg
mg

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in

impact assessment
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Substance List: Shows the basic raw materials and emissions (air, water,
soil, solid, non-material) associated with manufacturing MCF of LVL in the
PNW for the base case using a 100% hog fuel as a heating source.

Substance: Cateqory: perkgofLVL: Unit: per MCF of LVL:  Unit:
1,2,4-trichlorobenzene Air 14.90 mg 249.41 g
1,2-dichloroethane Air 8.16 mg 136.59 g
acetaldehyde Air 31.00 mg 518.91 g
acetone Air 26.30 mg 440.24 g
Acid as H+* Water 5.97 ng 99.93 Mg
acrolein Air 15.70 mg 262.80 g
aldehydes Air 20.20 mg 338.13 g
alkenes Air 1,488.58 mg 24,917.34 g
ammonia Air 50.00 Mg 836.95 mg
As Air 24.80 ug 415.13 mg
B* Water 311.00 Mg 5,205.83 mg
Ba* Air 1,220.00 Hg 20,421.58 mg
Be* Air 35.80 ng 599.26 Hg
benzene Air 7.29 mg 122.03 g
BOD* Water 1.72 mg 28.79 g
Ca* Water 4.65 Mg 77.84 mg
Cd Water 85.30 Mg 1,427.84 mg
Cd Air 259.00 ng 4,335.40 Mg
chromate* Water 207.00 ng 3,464 .97 Mg
Cl-* Water 85.40 mg 1,429.51 g
ci2* Air 2.17 mg 36.32 g
co* Air 414 g 69.30 kg
CO2 Air 666.00 g 11,148.17 kg
CO2 (fossil) Air 26.20 g 438.56 kg
CO2 (non-fossil) Air 24.60 mg 411.78 g
coal Raw 563.00 g 9,424.06 kg
cobalt* Air 307.00 ng 5,138.87 ug
coD* Water 12.20 mg 204.22 g
Cr Water 85.30 Mg 1,427.84 mg
Cr Air 13.30 Mg 222.63 mg
crude oil Raw 9.49 g 158.85 kg
CxHy aromatic Air 419.00 mg 7,013.64 g
CxHy chloro Air 20.80 mg 348.17 g
cyanide* Water 128.00 ng 2,142.59 Mg
Douglas-fir logs* Raw 1.67 Kg 27,562.00 kg
dichloromethane Air 13.60 mg 227.65 g
dioxin (TEQ) Air 0.60 pg 10.08 ng
dissolved solids* Water 1.86 g 31.13 kg
energy from hydro power* Raw 1,170.00 kJ 19,584.63 MJ
energy from oil Raw 1.66 MJ 27.79 GJ

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in
impact assessment



Substance:
Fe*
Fe*
fluoride ions*
formaldehyde
H2504*
HCI*
HF*
Hg
Hg
K*
kerosene*
limestone*
metallic ions*
metals
methane
methanol
methyl bromide
methyl ethyl ketone
methyl i-butyl ketone
Mn*
Mn*
n-nitrodimethylamine*
N20
Na*
Na*
naphthalene*

natural gas (feedstock)

natural gas

NH3*

Ni

nitrate*

non methane VOC
NOx

o-xylene

oil*

organic substances*
other organics*
particulates*

Pb

Pb

phenol*

phenol*
phosphate*

radioactive substance to air*

Sb*
Se*
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Category: perkgoflLVL: Unit: per MCF of LVL: Unit:
Air 1,220.00 Hg 20,421.58 mg
Water 476.00 Hg 7,967.76 mg
Water 21.50 Hg 359.89 mg
Air 85.00 mg 1,422.82 g
Water 77.70 Hg 1,300.62 mg
Air 567.00 Hg 9,491.01 mg
Air 78.20 Hg 1,308.99 mg
Water 6.70 ng 112.15 Hg
Air 243.00 ng 4,067.58 ug
Air 217.00 mg 3,632.36 g
Air 5.40 Hg 90.39 mg
Raw 32.40 g 542.34 kg
Water 127.00 Hg 2,125.85 mg
Air 9.80 Mg 164.04 mg
Air 249.00 mg 4,168.01 g
Air 105.00 mg 1,757.60 g
Air 7.80 mg 130.56 g
Air 17.10 mg 286.24 g
Air 35.70 mg 597.58 g
Water 248.00 Hg 4,151.27 mg
Air 2.50 mg 41.85 g
Air 23.90 ng 400.06 Hg
Air 63.80 Hg 1,067.95 mg
Air 5.00 mg 83.70 g
Water 8.55 g 143.12 mg
Air 667.00 Mg 11,164.91 mg
Raw 28.40 dm3 475.39 dm3
Raw 36.20 g 605.95 kg
Water 20.10 Hg 336.45 mg
Air 159.00 Hg 2,661.50 mg
Water 2,030.00 ng 33,980.17 ug
Air 375.00 mg 6,277.13 g
Air 851.00 mg 14,244.89 g
Air 5.46 mg 91.39 g
Water 33.10 mg 554.06 g
Air 111.00 mg 1,858.03 g
Water 5.41 mg 90.56 g
Air 2.14 g 35.82 kg
Water 10.60 ng 177.43 g
Air 334.00 ug 5,590.83 mg
Water 413.00 ng 6,913.21 Hg
Air 122.00 mg 2,042.16 g
Water 39.20 Hg 656.17 mg
Non mat. 130.00 Bq 2,176.07 Bq
Air 120.00 ng 2,008.68 Hg
Air 871.00 ng 14,579.67 ug

* Denotes substance not defined by the Eco-Indicator89 Methodology, thus not included in

impact assessment



Substance:

S02

solid waste*

SOx

styrene

sulphate*®
suspended solids*
tetrachloroethene
tetrachloromethane
toluene
trichloroethene
uranium*

vinyl chloride
VOC

wood and wood wastes*

xylene
Zn
Zn

Category:

Air
Solid
Air
Air
Water
Water
Air
Air
Air
Air
Raw
Air
Air
Raw
Air
Water
Air

per kg of LVL:

66.40
30.70
1.29
8.53
69.60
8.25
108.00
184.00
7.55
107.00
37.90
7.58
78.30
109.00
5.77
29.40

1,220.00
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Unit: per MCF of LVL: Unit:
mg 1,111.47 g
g 513.89 kg
g 21.59 kg
mg 142.78 g
mg 1,165.03 g
mg 138.10 g
ng 1,807.81 Mg
ng 3,079.98 ug
mg 126.38 g
ng 1,791.07 Hg
ug 634.41 mg
mg 126.88 g
mg 1,310.66 g
mg 1,824.55 g
mg 96.58 g
Hg 492.13 mg
ug 20,421.58 mg

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in

impact assessment
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Substance List: Shows the basic raw materials and emissions (air, water,
soil, solid, non-material) associated with manufacturing MCF of LVL in the
PNW for the base case with 100% natural gas for heating.

Substance: Category: perkgofLlVL: Unit: per MCF of LVL: Unit:
1,2,4-trichlorobenzene Air 14.90 mg 249.41 g
1,2-dichloroethane Air 8.16 mg 136.59 g
acetaldehyde Air 30.10 mg 503.84 g
acetone Air 26.30 mg 440.24 g
Acid as H+* Water 7.74 ng 129.56 ug
acrolein Air 15.70 mg 262.80 g
aldehydes Air 21.10 mg 353.19 g
alkenes Air 1,488.58 mg 24,917.34 g
ammonia Air 76.10 Hg 1,273.84 mg
As Air -2.37 Hg -39.67 mg
B* Water 542.00 Hg 9,072.54 mg
Ba* Air -163.00 Ug -2,728.46 mg
Be* Air 74.30 ng 1,243.71 mg
benzene Air 6.16 mg 103.11 g
BOD* Water 9.92 mg 166.05 g
Ca* Water 5.78 Hg 96.75 mg
Cd Water 471.00 g 7,884.07 mg
Cd Air 1,000.00 ng 16,739.00 Hg
chromate* Water 813.00 ng 13,608.81 ug
Cl-* Water 471.00 mg 7,884.07 g
cl2* . Air -287.00 Hg -4,804.09 mg
co* Air 591.00 mg 9,892.75 g
Cco2 Air 4.04 g 67.63 kg
CO2 (fossil) Air 394.00 g 6,595.17 kg
CO2 (non-fossil) Air 102.00 mg 1,707.38 g
coal Raw -69.90 g -1,170.06 kg
caobalt* Air 995.00 ng 16,655.31 Mg
cobD* Water 131.00 mg 2,192.81 g
Cr Water 471.00 Hg 7,884.07 mg
Cr Air -0.61 Hg -10.19 mg
crude oil Raw 6.92 g 115.83 kg
CxHy aromatic Air 419.00 mg 7,013.64 g
CxHy chloro Air 20.80 mg 348.17 g
cyanide* Water 706.00 ng 11,817.73 Ug
Douglas-fir logs* Raw 1.67 kg 27,562.00 kg
dichloromethane Air 13.60 mg 227.65 g
dioxin (TEQ) Air 0.91 pg 15.15 ng
dissolved solids* Water 10.40 g 174.09 kg
energy from hydro power* Raw 1,170.00 kJ 19,584.63 MJ
energy from oil Raw 1.66 MJ 27.79 GJ

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in
impact assessment



Substance:
Fe*
Fe*
fluoride ions*
formaldehyde
H2S04*
HCI*
HF*
Hg
Hg
K*
kerosene*
limestone*
metallic ions*
metals
methane
methanol
methyl bromide
methyl ethyl ketone
methyl i-butyl ketone
Mn*
Mn*
n-nitrodimethylamine*
N20
Na*
Na*
naphthalene*
natural gas (feedstock)
natural gas
NH3*
Ni
nitrate*
non methane VOC
NOx
o-xylene
oil*
organic substances*
other organics*
particulates*
Pb
Pb
phenol*
phenol*
phosphate*

radioactive substance to air*

Sb*
Se*

Category: per kg of LVL:

Air
Water
Water

Air
Water

Air

Air
Water

Air

Air

Air

Raw
Water

Air

Air

Air

Air

Air

Air
Water

Air

Air

Air

Air
Water

Air

Raw
Raw
Water

Air
Water

Air

Air

Air
Water

Air
Water

Air
Water

Air
Water

Air
Water

Non mat.

Air

Air

-163.00
677.00
26.70
82.90
135.00
837.00
114.00
37.00
447.00
-28.90
6.72
-4.03
165.00
40.10
1,310.00
105.00
7.80
17.10
35.70
363.00
-331.00
35.20
96.90
-666.00
10.60
-88.70
28.40
195.00
182.00
-6.54
2,520.00
1,860.00
1,340.00
5.46
182.00
61.00
29.60
212
13.60
-43.10
534.00
109.00
69.40
211.00
365.00
1,480.00
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Unit: per MCF of LVL: Unit:
ug -2,728.46 mg
g 11,332.30 mg
g 446.93 mg
mg 1,387.66 g
Hg 2,259.77 mg
Hg 14,010.54 mg
ug 1,908.25 mg
ng 619.34 Mg
ng 7,482.33 Hg
mg -483.76 g
Hg 112.49 mg

g -67.46 g
Mg 2,761.94 mg
Hg 671.23 mg
mg 21,928.09 g
mg 1,757.60 g
mg 130.56 g
mg 286.24 g
mg 597.58 g
ug 6,076.26 mg
[]] -5,540.61 Hg
ng 589.21 g
Hg 1,622.01 mg
Hg -11,148.17 mg
ug 177.43 mg
g -1,484.75 mg

dm3 475,387.60 dm3

g 3,264.11 g
Hg 3,046.50 mg
Hg -109.47 mg
ng 42,182.28 Hg
mg 31,134.54 g
mg 22,430.26 g
mg 91.39 g
mg 3,046.50 g
mg 1,021.08 g
mg 495.47 g

g 35.49 kg
ng 227.65 Mg
g -721.45 mg
ng 8,938.63 Mg
mg 1,824.55 g
Mg 1,161.69 mg
Bq 3,531,929.00 Bq
ng 6,109.74 Hg
ng 24,773.72 Hg

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in

impact assessment
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Substance: Category: perkgoflLVL: Unit: per MCF of LVL: Unit:
S02 Air 66.40 mg 1,111.47 g
solid waste* Solid 17.40 g 291.26 kg
SOx Air 6.89 g 115.33 kg
styrene Air 8.53 mg 142.78 g
sulphate* Water 372.00 mg 6,226.91 g
suspended solids* Water 161.00 mg 2,694.98 g
tetrachloroethene Air 163.00 ng 2,728.46 ug
tetrachloromethane Air 487.00 ng 8,151.89 Mg
toluene Air 7.55 mg’ 126.38 g
trichloroethene Air 156.00 ng 2,611.28 Hg
uranium* Raw 28.80 Hg 482.08 mg
vinyl chloride Air 7.58 mg 126.88 g
VOC Air 78.30 mg 1,310.66 g
wood and wood wastes* Raw 71.70 mg 1,200.19 g
xylene Air 5.77 mg 96.58 g
Zn Water 162.00 Hg 2,711.72 mg
Zn Air -163.00 Hg -2,728.46 mg

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in
impact assessment
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Substance List: Shows the basic raw materials and emissions (air, water,
soil, solid, non-material) associated with manufacturing MSF of plywood in
the Southern region for the base case.

Substance: Category: perkgof LVL: Unit: per MCFof LVL:  Unit:
1,2,4-trichlorobenzene Air 6.63 mg 127.06 g
1,2-dichloroethane Air 3.64 mg 69.76 g
acetaldehyde Air 41.00 mg 785.77 g
acetone Air 58.00 mg 1,111.57 g
Acid as H+* Water 10.10 - ng 193.57 Mg
acrolein Air 17.20 mg 329.64 g
aldehydes Air 11.50 mg 220.40 g
alkenes Air 3,118.61 mg 59,768.16 g
ammonia Air 251.00 Hg 4,810.42 mg
As Air 15.20 Hg 291.31 mg
B* Water 2,120.00 Hg 40,629.80 mg
Ba* Air 653.00 Hg 12,514.75 mg
Be* Air 254.00 ng 4,867.91 Hg
benzene Air 8.78 mg 168.27 g
BOD* Water 5.97 mg 114.42 g
Ca* Water 22.00 ug 421.63 mg
Cd Water 283.00 g 5,423.70 mg
Cd Air 947.00 ng 18,149.26 Hg
chromate* Water 800.00 ng 15,332.00 g
Cl-* Water 283.00 mg 5,423.70 g
cl2* Air 1,160.00 Hg 22,231.40 mg
co* Air 2.82 g 54.05 kg
CO2 Air 393.00 g 7,531.85 kg
CO2 (fossit) Air 265.00 g 5,078.73 kg
CO02 (non-fossil) Air 83.00 mg 1,590.70 g
coal Raw 321.00 g 6,151.97 kg
cobalt* Air 1,390.00 ng 26,639.35 ug
coD* Water 73.20 mg 1,402.88 g
Cr Water 283.00 Ug 5,423.70 mg
Cr Air 10.20 Hg 195.48 mg
crude oil Raw 11.60 g 222.31 kg
CxHy aromatic Air 186.00 mg 3,564.69 g
CxHy chloro Air 5.90 mg 113.07 g
cyanide* Water 425.00 ng 8,145.13 Hg
dichloromethane Air 3.1 mg 59.60 g
dioxin (TEQ) Air 4.38 pg 83.94 ng
dissolved solids* Water 6.22 g 119.21 g
energy from hydro power* Raw 46.20 kJ 885.42 MJ
energy from oil Raw 1.64 MJ 31.43 GJ

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in
impact assessment



Substance:

Fe*

Fe*

fluoride ions*
formaldehyde
H2S04*

HCI*

HF*

Hg

Hg

K*

kerosene*
limestone*

metallic ions*
metals

methane

methanol

methyl bromide
methyl ethyl ketone
methyl i-butyl ketone
Mn*

Mn*
n-nitrodimethylamine*
N20O

Na*

Na*

naphthalene*
natural gas (feedstock)
natural gas

NH3*

Ni -

nitrate

non methane VOC
NOx

o-xylene

oil*

organic substances*
other organics*
particulates*

Pb

Pb

phenol*

phenol*
phosphate*

radioactive substance to air*

Sb*
Se*

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in

impact assessment

Cateqgory: perkgofLVL: Unit: per MCFof LVL:  Unit;
Air 653.00 Hg 12,514.75 mg
Water 3.17 mg 60.75 g
Water 102.00 Hg 1,954.83 mg
Air 146.00 mg 2,798.09 g
Water 530.00 Hg 10,157.45 mg
Air 4.09 mg 78.38 g
Air 565.00 Hg 10,828.23 mg
Water 22.20 ng 425.46 ug
Air 1,640.00 ng 31,430.60 Mg
Air 116.00 mg 2,223.14 g
Air 25.50 Hg 488.71 mg
Raw 18.50 g 354.55 kg
Water 214.00 Mg 4,101.31 mg
Air 33.00 Hg 632.45 mg
Air 903.00 mg 17,306.00 g
Air 175.00 mg 3,353.88 g
Air 3.46 mg 66.31 g
Air 9.20 mg 176.32 g
Air 8.26 mg 158.30 g
Water 1,770.00 Mg 33,922.05 mg
Air 1,340.00 g 25,681.10 mg
Air 172.00 ng 3,296.38 Hg
Air 458.00 Hg 8,777.57 mg
Air 2.67 mg 51.17 g
Water 40.40 Mg 774.27 mg
Air 356.00 Hg 6,822.74 mg
Raw 28.20 dm3 540,453.00 dm3
Raw 118.00 g 2,261.47 kg
Water 138.00 Hg 2,644.77 mg
Air 97.60 Hg 1,870.50 mg
Water 9.60 Hg 183.98 mg
Air 1,160.00 mg 22,231.40 g
Air 1,490.00 mg 28,555.85 g
Air 3.86 mg 73.98 g
Water 110.00 mg 2,108.15 o]
Air 90.40 mg 1,732.52 g
Water 18.20 mg 348.80 g
Air 1.98 g 37.95 kg
Water 17.80 ng 341.14 Hg
Air 259.00 Mg 4,963.74 mg
Water 695.00 ng 13,319.68 g
Air 109.00 mg 2,088.99 g
Water 266.00 1] 5,097.89 mg
Non mat. 1,060.00 Bq  20,314,900.00 Bq
Air 538.00 ng 10,310.77 Mg
Air 5.94 Mg 113.84 mg
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Substance:

S02

solid waste*

Southern Yellow Pine logs*
SOx

styrene

sulphate*

suspended solids*
tetrachloroethene
tetrachloromethane
toluene

trichloroethene
uranium*

vinyl chloride

VOC

wood and wood wastes*
xylene

Zn

Zn

Category: per kg of LVL:

Air
Solid
Raw

Air

Air

Water
Water

Air

Air

Air

Air
Raw

Air

Air
Raw

Air

Water

Air

Unit:
66.00 mg
35.20 g
1.45 kg
444 g
3.99 mg
235.00 mg
115.00 mg
774.00 ng
1,230.00 ng
9.96 mg
767.00 ng
123.00 Hg
227 mg
77.80 mg
114.00 mg
6.42 mg
97.30 ug
653.00 Ug

per MCF of LVL:

1,264.89
674.61
27,868.00
85.09
76.47
4,503.78
2,203.98
14,833.71
23,572.95
190.88
14,699.56
2,357.30
43.50
1,491.04
2,184.81
123.04
1,864.75
12,514.75
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g

g

g
mg
mg

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in

impact assessment
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Substance List: Shows the basic raw materials and emissions (air, water,
soil, solid, non-material) associated with manufacturing MSF of Plywood in
the Southern region for the base case without a RTO.

Substance: Category: perkgofLVL: Unit: per MCF of LVL:  Unit:
1,2,4-trichlorobenzene Air 8.89 mg 170,376.85 g
1,2-dichloroethane Air 4.00 mg 76,660.00 g
acetaldehyde Air 56.90 mg 1,090,488.50 g
acetone Air 75.60 mg 1,448,874.00 g
Acid as H+* Water 9.95 ng 190,691.75 ug
acrolein Air 18.20 mg 348,803.00 g
aldehydes Air 12.30 mg . 235,729.50 g
alkenes Air 5,658.61 mg  108,447,260.65 g
ammonia Air 243.00 Hg 4,657,095.00 mg
As Air 14.70 Hg 281,725.50 mg
B* Water 2,050.00 Hg 39,288,250.00 mg
Ba* Air 635.00 ug 12,169,775.00 mg
Be* Air 246.00 ng 4,714,590.00 mg
benzene Air 9.46 mg 181,300.90 g
BOD* Water 5.86 mg 112,306.90 g
Ca* Water 21.30 Hg 408,214.50 mg
Cd Water 278.00 Hg 5,327,870.00 mg
Cd Air 928.00 ng 17,785,120.00 Hg
chromate* Water 780.00 ng 14,948,700.00 Hg
Cl-* Water 278.00 mg 5,327,870.00 g
Cl2* Air 1,130.00 Hg 21,656,450.00 mg
co* Air 2.73 g 52,320.45 kg
CO2 Air 384.00 g 7,359,360.00 kg
CO2 (fossil) Air 258.00 g 4,944,570.00 kg
CO2 (non-fossil) Air 81.30 mg 1,558,114.50 g
coal Raw 312.00 g 5,979,480.00 kg
cobalt* Air 1,350.00 ng 25,872,750.00 Mg
CcoD* Water 71.70 mg 1,374,130.50 g
Cr Water 278.00 Hg 5,327,870.00 mg
Cr Air 9.91 Mg 189,925.15 mg
crude oil Raw 11.40 g 218,481.00 kg
CxHy aromatic Air 206.00 mg 3,947,990.00 g
CxHy chloro Air 6.53 mg 125,147.45 g
cyanide* Water 417.00 ng 7,991,805.00 g
dichloromethane Air 3.43 mg 65,735.95 g
dioxin (TEQ) Air 4.23 pg 81,067.95 ng
dissolved solids* Water 6.11 g 117,098.15 kg
energy from hydro power* Raw 44.60 kJ 854,759.00 MJ
energy from oil Raw 1.64 MJ 31,430.60 GJ

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in
impact assessment



Substance:

ethane

Fe*

Fe*

fluoride ions™*
formaldehyde
H2S04*

HCI*

HF*

Hg

Hg

K*

kerosene*
limestone*

metallic ions*
metals

methane

methanol

methyl bromide
methyl ethyl ketone
methyl i-butyl ketone
Mn*

Mn*
n-nitrodimethylamine*
N20

Na*

Na*

naphthalene*
natural gas (feedstock)
natural gas

NH3*

Ni

nitrate*

non methane VOC
NOx

o-xylene

oil*

organic substances®
other organics*
particulates*

Pb

Pb

phenol*

phenol*
phosphate*

radioactive substance to air*

Sb*

Category: per kg of LVL:

Air
Air
Water
Water
Air
Water
Air
Air
Water
Air
Air
Air
Raw
Water
Air
Air
Air
Air
Air
Air
Water
Air
Air
Air
Air
Water
Air
Raw
Raw
Water
Air
Water
Air
Air
Air
Water
Air
Water
Air
Water
Air
Water
Air
Water

Non mat.

Air

1.70
635.00
3.06
98.40
156.00
513.00
3.95
546.00
21.90
1,580.00
113.00
24.70
18.00
212.00
32.30
869.00
223.00
3.83
10.00
9.14
1,710.00
1,310.00
166.00
443.00
2.60
39.10
347.00
28.20
116.00
134.00
95.00
9.28
1,140.00
1,460.00
4.29
108.00
89.70
17.80
2.87
17.60
252.00
687.00
109.00
257.00
1,020.00
524.00
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Unit: per MCF of LVL: Unit:
mg 32,580.50 g
Hg 12,169,775.00 mg
mg 58,644.90 g
g 1,885,836.00 mg
mg 2,989,740.00 g
g 9,831,645.00 mg
mg 75,701.75 g
Hg 10,464,090.00 mg
ng 419,713.50 Hg
ng 30,280,700.00 ug
mg 2,165,645.00 g
Hg 473,375.50 mg

g 344,970.00 kg
Hg 4,062,980.00 mg
Hg 619,029.50 mg
mg 16,654,385.00 g
mg 4,273,795.00 g
mg 73,401.95 g
mg 191,650.00 g
mg 175,168.10 g
Hg 32,772,150.00 mg
Hg 25,106,150.00 mg
ng 3,181,390.00 Hg
Hg 8,490,095.00 mg
mg 49,829.00 g
Hg 749,351.50 mg
Hg 6,650,255.00 mg

dm3 540,453.00 dm3

g 2,223,140.00 kg
Hg 2,568,110.00 mg
Hg 1,820,675.00 mg
HUg 177,851.20 mg
mg 21,848,100.00 g
mg 27,980,900.00 g
mg 82,217.85 g
mg 2,069,820.00 g
mg 1,719,100.50 g
mg 341,137.00 g

g 55,003.55 kg
ng 337,304.00 ug
Hg 4,829,580.00 mg
ng 13,166,355.00 Hg
mg 2,088,985.00 g
Hg 4,925,405.00 mg
Bq 19,548,300.00 Bq
ng 10,042,460.00 g

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in

impact assessment



Substance:

Se*

S02

solid waste*
Southern Yellow Pine
SOx

styrene

sulphate*
suspended solids*
tetrachloroethene
tetrachloromethane
toluene
trichloroethene
uranium*

vinyl chloride

vOC

wood and wood wastes*

xylene
Zn
Zn

Category: perkgoflLVL:  Unit
Air 5.74 Hg
Air 66.00 mg

Solid 34.30 g
Raw 1.45 kg
Air 4.35 g

Air 4.40 mg
Water 230.00 mg
Water 112.00 mg
Air 749.00 ng
Air 1,190.00 ng
Air 10.30 mg
Air 742.00 ng
Raw 119.00 ug
Air 2.51 mg
Air 77.80 mg
Raw 111.00 mg
Air 6.84 mg
Water 95.60 g
Air 635.00 Mg

per MCF of LVL:
110,007.10

1,264,890.00
657,359.50
27,868.00
83,367.75
84,326.00
4,407,950.00
2,146,480.00
14,354,585.00
22,806,350.00
197,399.50
14,220,430.00
2,280,635.00
48,104.15
1,491,037.00
2,127,315.00
131,088.60
1,832,174.00
12,169,775.00
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mg
g
kg
kg
kg
g
g
g
Hg
Hg
g
Hg
mg
g
g
g
g
mg
mg

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in

impact assessment
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Substance List: Shows the basic raw materials and emissions (air, water,
soil, solid, non-material) associated with manufacturing MSF of Plywood in
the Southern region for the base case with one direct-natural gas-fired dryer
and one indirect steam heated dryer and a RCO.

Substance: Category: perkgofLVL: Unit: perMCFoflVL: Unit:
1,2,4-trichlorobenzene Air 7.39 mg 141.63 g
1,2-dichloroethane Air 3.99 mg 76.47 g
acetaldehyde Air 86.00 mg 1,648.19 g
acetone Air 93.50 mg 1,791.93 g
Acid as H+* Water 9.09 ng 174.21 ug
acrolein Air 17.80 mg 341.14 g
aldehydes Air 12.20 mg 233.81 g
alkenes Air 3,178.61 mg 60,918.06 g
ammonia Air 242.00 Mg 4,637.93 mg
As Air 11.00 Mg 210.82 mg
B* Water 2,070.00 Mg 39,671.55 mg
Ba* Air 449.00 g 8,605.09 mg
Be* Air 239.00 ng 4,580.44 ug
benzene Air 9.35 mg 179.19 g
BOD* Water 4.78 mg 91.61 g
Ca* Water 21.70 Mg 415.88 mg
Cd Water 228.00 Hg 4,369.62 mg
Cd Air 797.00 ng 15,274.51 g
chromate* Water 702.00 ng 13,453.83 ug
Cl-* Water 228.00 mg 4,369.62 g
ci2* Air 799.00 Mg 15,312.84 mg
co* Air 2,030.00 mg 38,904.95 g
CO2 Air 296.00 g 5,672.84 kg
CO2 (fossil) Air 209.00 g 4,005.49 kg
CO2 (non-fossil) Air 71.30 mg 1,366.46 g
coal Raw 228.00 g 4,369.62 kg
cobalt* Air 1,280.00 ng 24,531.20 Hg
cobD* Water 56.20 mg 1,077.07 g
Cr Water 228.00 Mg 4,369.62 mg
Cr Air 7.79 Mg 149.30 mg
crude oil Raw 10.00 g 191.65 kg
CxHy aromatic Air 207.00 mg 3,967.16 g
CxHy chloro Air 6.54 mg 125.34 g
cyanide* Water 342.00 ng 6,554.43 ug
dichloromethane Air 3.48 mg 66.69 g
dioxin (TEQ) Air 4.30 pPg 82.41 ng
dissolved solids* Water 5.00 g 95.83 kg
energy from hydro power* Raw 45.90 kJ 879.67 MJ
energy from oil Raw 1.64 MJ 31.43 GJ

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in
impact assessment



Substance:

ethane

Fe*

Fe*

fluoride ions*
formaldehyde
H2S04*

HCI*

HF*

Hg

Hg

K*

kerosene*
limestone*

metallic ions*
metals

methane

methanol

methyl bromide
methyl ethyl ketone
methyl i-butyl ketone
Mn*

Mn*
n-nitrodimethylamine*
N20

Na*

Na*

naphthalene*
natural gas (feedstock)
natural gas

NH3*

Ni

nitrate*

non methane VOC
NOx

o-xylene

oil*

organic substances*
other organics*
particulates*

Pb

Pb

phenol*

phenol*
phosphate*

radioactive substance to air*

Sb*

Category: per kg of LVL:

Air
Air
Water
Water
Air
Water
Air
Air
Water
Air
Air
Air
Raw
Water
Air
Air
Air
Air
Air
Air
Water
Air
Air
Air
Air
Water
Air
Raw
Raw
Water
Air
Water
Air
Air
Air
Water
Air
Water
Air
Water
Air
Water
Air
Water

Non mat.

Air

6.82
449.00
3.12
100.00
173.00
518.00
4.02
555.00
17.90
1,590.00
79.70
25.20
13.10
194.00
28.40
800.00
177.00
3.85
10.10
9.10
1,740.00
925.00
169.00
450.00
1,840.00
39.80
245.00
28.20
94.70
113.00
70.00
9.46
939.00
1,220.00
4.27
88.20
82.40
14.70
1.97
16.10
183.00
628.00
109.00
260.00
1,040.00
498.00

Unit:

mg
Hg
mg
Hg
mg
g
mg
Hg
ng
ng
mg
Hg
g
Hg
Hg
mg
mg
mg
mg
mg
g
Hg
ng
ug
Hg
Hg
Hg
dm3
g
Hg
Hg
Hg
mg
mg
mg
mg
mg
mg
g
ng
Hg
ng
mg
Mg
Bq
ng

per MCF of LVL:

130.71
8,605.09
59.79
1,916.50
3,315.55
9,927 47
77.04
10,636.58
343.05
30,472.35
1,627.45
482.96
251.06
3,718.01
544.29
15,332.00
3,392.21
73.79
193.57
174.40
33,347.10
17,727.63
3,238.89
8,624.25
35,263.60
762.77
4,695.43
540,453.00
1,814.93
2,165.65
1,341.55
181.30
17,995.94
23,381.30
81.83
1,690.35
1,579.20
281.73
37.76
308.56
3,507.20
12,035.62
2,088.99
4,982.90
19,931,600.00
9,544.17
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Unit:
g
mg
g
mg
g
mg
g
mg
Hg
Hg

g
mg
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mg
mg
g
mg
mg
mg
mg
dm3
kg
mg
mg

mg
Bq
Hg

* Denotes substance not defined by the Eco-Indicator39 Methodology, thus not included in

impact assessment
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Substance: Category: perkgofLVL: Unit: per MCFoflVL: Unit:
Se* Air 5.80 Ug 111.16 mg
S02 Air 66.00 mg 1,264.89 g
solid waste* Solid 28.60 g 548.12 kg
Southern Yellow Pine logs* Raw 1.45 kg 27,868.00 kg
SOx Air 3.62 g 69.38 kg
styrene Air 4.40 mg 84.33 g
sulphate* Water 191.00 mg 3,660.52 g
suspended solids* Water 93.30 mg 1,788.09 g
tetrachloroethene Air 761.00 ng 14,584.57 Mg
tetrachloromethane Air 1,180.00 ng 22,614.70 Mg
toluene Air 10.40 mg 199.32 g
trichloroethene Air 754.00 ng 14,450.41 g
uranium* Raw 119.00 g 2,280.64 mg
vinyl chloride Air 2.52 mg 48.30 g
vOC Air 77.80 mg 1,491.04 g
wood and wood wastes* Raw 89.70 mg 1,719.10 g
xylene Air 6.82 mg 130.71 g
Zn Water 78.30 ug 1,500.62 mg
Zn Air 449.00 Mg 8,605.09 mg

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in
impact assessment
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Substance List: Shows the basic raw materials and emissions (air, water,
soil, solid, non-material) associated with manufacturing MSF of plywood in
the Southern region for the base case using 100% hog fuel for heating.

Substance: Category: perkgofLVL: Unit: per MCF of LVL: Unit:
1,2,4-trichlorobenzene Air 6.63 mg 127.06 g
1,2-dichloroethane Air 3.64 mg 69.76 g
acetaldehyde Air 4140 mg 793.43 g
acetone Air 58.00 mg 1,111.57 g
Acid as H+* Water 6.27 ng 120.16 Mg
acrolein Air 17.20 mg 329.64 g
aldehydes Air 10.90 mg 208.90 g
alkenes Air 3,118.61 mg 59,768.16 g
ammonia Air 224.00 Hg 4,292.96 mg
As Air 29.10 Hg 557.70 mg
B* Water 2,000.00 Hg 38,330.00 mg
Ba* Air 1,370.00 Hg 26,256.05 mg
Be* Air 201.00 ng 3,852.17 []¢]
benzene Air 9.37 mg 179.58 g
BOD* Water 1.83 mg 35.07 g
Ca* Water 21.40 Hg 410.13 mg
Cd Water 90.60 Hg 1,736.35 mg
Cd Air 395.00 ng 7,570.18 Hg
chromate* Water 464.00 ng 8,892.56 ug
Cl-* Water 90.90 mg 1,742.10 g
cl2* Air 243 mg 46.57 g
co* Air 4.66 g 89.31 kg
CcO2 Air 734.00 g 14,067.11 kg
CO2 (fossil) Air 72.50 g 1,389.46 kg
CO2 (non-fossil) Air 42.50 mg 814.51 g
coal Raw 648.00 g 12,418.92 kg
cobalt* Air 1,010.00 ng 19,356.65 Hg
CcoD* Water 13.90 mg 266.39 g
Cr Water 90.60 ug 1,736.35 mg
Cr Air 16.60 ug 318.14 mg
crude oil Raw 10.30 g 197.40 kg
CxHy aromatic Air 186.00 mg 3,564.69 g
CxHy chloro Air 5.90 mg 113.07 g
cyanide* Water 136.00 ng 2,606.44 ug
dichloromethane Air 3.1 mg 59.60 g
dioxin (TEQ) Air 4.22 pg 80.88 ng
dissolved solids* Water 1.98 g 37.95 kg
energy from hydro power* Raw 46.20 kJ 885.42 MJ
energy from oil Raw 1.64 MJ 3143 GJ

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in
impact assessment



Substance:

Fe*

Fe*

fluoride ions*
formaldehyde
H2S04*

HCI*

HF*

Hg

Hg

K*

kerosene*
limestone*

metallic ions*
metals

methane

methanol

methyl bromide
methyl ethyl ketone
methy! i-butyl ketone
Mn*

Mn*
n-nitrodimethylamine®
N20

Na*

Na*

naphthalene*
natural gas (feedstock)
natural gas

NH3*

Ni

nitrate

non methane VOC
NOx

o-xylene

oil*

organic substances*
other organics*
particulates*

Pb

Pb

phenol*

phenol*
phosphate*

radioactive substance to air*

Sb*
Se*

Category: perkgofLVL: Unit: per MCF of LVL:

Air
Water
Water

Air
Water

Air

Air
Water

Air

Air

Air

Raw
Water

Air

Air

Air

Air

Air

Air
Water

Air

Air

Air

Air
Water

Air

Raw
Raw
Water

Air
Water

‘Air

Air

Air
Water

Air
Water

Air
Water

Air
Water

Air
Water

Non mat.

Air

Air

1,370.00
3.06
99.00
147.00
499.00
3.94
546.00
7.12
1,490.00
243.00
24.80
37.30
133.00
17.00
376.00
175.00
3.46
9.20
8.26
1,710.00
2.81
166.00
441.00
5.60
39.30
747.00
28.20
38.50
52.00
183.00
9.34
398.00
1,250.00
3.86
35.20
116.00
6.07
1.99
11.10
376.00
433.00
116.00
250.00
1,020.00
403.00
5.61

Hg
mg
Hg
mg
Hg
mg
Hg
ng
ng
mg
Hg
g
Hg
Hg
mg
mg
mg
mg
mg
Hg
mg
ng
Hg
mg
Hg
Hg

dm3

g
Hg
Hg
Hg
mg
mg
mg
mg
mg
mg
g
ng
Hg
ng
mg
Hg
Bq
ng
Hg

26,256.05
58.64
1,897.34
2,817.26
9,563.34
75.51
10,464.09
136.45
28,555.85
4,657.10
475.29
714.85
2,548.95
325.81
7,206.04
3,353.88
66.31
176.32
158.30
32,772.15
53.85
3,181.39
8,451.77
107.32
753.18
14,316.26
540,453.00
737.85
996.58
3,507.20
179.00
7,627.67
23,956.25
73.98
674.61
2,223.14
116.33
38.14
212.73
7,206.04
8,298.45
2,223.14
4,791.25
19,548,300.00
7,723.50
107.52

Unit:
mg
g
mg
g
mg
g
mg
Hg
Hg
g
mg
kg
mg
mg

3T o 3
eafZfezceoeoeae

mg
mg
dm3
kg
mg
mg
mg

Q@@ @aaawn

kg
Hg
mg
Hg
g
mg
Bq
Hg
mg

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in

impact assessment
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Substance: Category: per kg of LVL: Unit: per MCF of LVL: Unit:
S02 Air 66.00 mg 1,264.89 g
solid waste* Solid 42.40 g 812.60 kg
Southern Yelow Pine logs* Raw 1.45 kg 27,868.00 kg
SOx Air 1.63 g 31.24 kg
styrene Air 3.99 mg 76.47 g
sulphate* Water 83.40 mg 1,598.36 g
suspended solids* Water 39.10 mg 749.35 g
tetrachloroethene Air 745.00 ng 14,277.93 Hg
tetrachloromethane Air 1,070.00 ng 20,506.55 g
toluene Air 9.96 mg 190.88 g
trichloroethene Air 741.00 ng 14,201.27 ug
uranium* Raw 128.00 Mg 2,453.12 mg
vinyl chloride Air 227 mg 43.50 g
vOoC Air 77.80 mg 1,491.04 g
wood and wood wastes* Raw 133.00 mg 2,548.95 g
xylene Air 6.42 mg 123.04 g
Zn Water 31.20 Hg 597.95 mg
Zn Air 1,370.00 Hg 26,256.05 mg

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in
impact assessment
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Substance List: Shows the basic raw materials and emissions (air, water,
soil, solid, non-material) associated with manufacturing MSF of plywood in
the Southern region for the base case using 100% natural gas for heating.

Substance: Category: perkgof LVL: Unit: per MCF of LVL: Unit:
1,2,4-trichlorobenzene Air 6.63 mg 127.06 g
1,2-dichloroethane Air 3.64 mg 69.76 g
acetaldehyde Air 40.50 mg 776.18 g
acetone Air 58.00 mg 1,111.57 g
Acid as H+* Water 8.08 ng 154.85 Hg
acrolein Air 17.20 mg 329.64 g
aldehydes Air 11.90 mg 228.06 g
alkenes Air 3,118.61 mg 59,768.16 g
ammonia Air 251.00 Hg 4,810.42 mg
As Air 1.09 Mg 20.89 mg
B* Water 2,230.00 g 42,737.95 mg
Ba* Air -60.50 Mg -1,159.48 mg
Be* Air 241.00 ng 4,618.77 Hg
benzene Air 8.20 mg 157.15 g
BOD* Water 10.30 mg 197.40 g
Ca* Water 22.60 Hg 433.13 mg
Cd Water 488.00 Ug 9,352.52 mg
Cd Air 1,160.00 ng 22,231.40 Hg
chromate* Water 1,090.00 ng 20,889.85 lg
CI-* Water 488.00 mg 9,352.52 g
ci2* Air -105.00 Hg -2,012.33 mg
co* . Air 1,000.00 mg 19,165.00 g
Cc0o2 Air 52.40 g 1,004.25 kg
CO2 (fossil) Air 452.00 g 8,662.58 kg
CO2 (non-fossil) Air 122.00 mg 2,338.13 g
coal Raw -4.33 g -82.98 kg
cobalt* Air 1,720.00 ng 32,963.80 ug
CcobD* Water 136.00 mg 2,606.44 g
Cr Water 488.00 Mg 9,352.52 mg
Cr Air 2.31 Hg 44.27 mg
crude oil Raw 7.67 g 147.00 kg
CxHy aromatic Air 186.00 mg 3,564.69 g
CxHy chloro Air 5.90 mg 113.07 g
cyanide* Water 732.00 ng 14,028.78 ug
dichloromethane Air 3.11 mg 59.60 g
dioxin (TEQ) Air 453 pg 86.82 ng
dissolved solids* Water 10.70 g 205.07 kg
energy from hydro power* Raw 46.20 kJ 885.42 MJ
energy from oil Raw 1.64 MJ 31.43 GJ

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in
impact assessment



Substance:

Fe*

Fe*

fluoride ions*
formaldehyde
H2804*

HCI

HF*

Hg

Hg

K*

kerosene*
limestone*

metallic ions*
metals

methane

methanol

methyl bromide
methyl ethyl ketone
methyl i-butyl ketone
Mn*

Mn*
n-nitrodimethylamine*
N20

Na*

Na*

naphthalene*
natural gas (feedstock)
natural gas

NH3*

Ni

nitrate

non methane VOC
NOXx

o-xylene

oil*

organic substances*
other organics*
particulates*

Pb

Pb

phenol*

phenol*
phosphate*

radioactive substance to air*

Sb*
Se*

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in

impact assessment

Category: perkgofLVL: Unit: per MCF of LVL: Unit:
Air -60.50 Hg -1,159.48 mg
Water 3.27 mg 62.67 g
Water 104.00 Hg 1,993.16 mg
Air 145.00 mg 2,778.93 g
Water 559.00 Hg 10,713.24 mg
Air 4.22 mg 80.88 g
Air 582.00 Hg 11,154.03 mg
Water 38.30 ng 734.02 g
Air 1,700.00 ng 32,580.50 Hg
Air -10.70 mg -205.07 g
Air 26.20 Hg 502.12 mg
Raw -0.25 g -4.79 kg
Water 173.00 Mg 3,315.55 mg
Air 48.20 Hg 923.75 mg
Air 1,460.00 mg 27,980.90 g
Air 175.00 mg 3,353.88 g
Air 3.46 mg 66.31 g
Air 9.20 mg 176.32 g
Air 8.26 mg 158.30 g
Water 1,830.00 ug 35,071.95 mg
Air -117.00 Hg -2,242.31 mg
Air 177.00 ng 3,392.21 Hg
Air 475.00 Hg 9,103.38 mg
Air -248.00 Hg -4,752.92 mg
Water 41.50 Mg 795.35 mg
Air -32.80 Mg -628.61 mg
Raw 28.20 dm3 540,453.00 dm3
Raw 202.00 g 3,871.33 kg
Water 219.00 Hg 4,197.14 mg
Air 11.60 Hg 222.31 mg
Water 9.85 Hg 188.78 mg
Air 1,930.00 mg 36,988.45 g
Air 1,750.00 mg 33,538.75 g
Air 3.86 mg 73.98 g
Water 188.00 mg 3,603.02 g
Air 64.70 mg 1,239.98 g
Water 31.00 mg 594.12 g
Air 1.97 g 37.76 kg
Water 14.20 ng 272.14 ug
Air -13.20 Mg -252.98 mg
Water 558.00 ng 10,694.07 ug
Air 103.00 mg 1,974.00 g
Water 281.00 Hg 5,385.37 mg
Non mat. 1,100.00 Bq 21,081,500.00 Bq
Air 656.00 ng 12,672.24 Hg
Air 6.23 Hg 119.40 mg
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Substance: Category: perkgofLVL: Unit: per MCF of LVL: Unit:
S02 Air 66.00 mg 1,264.89 g
solid waste* Solid 28.60 g 548.12 kg
Southern Yellow Pine logs* Raw 1.45 kg 27,868.00 kg
SOx Air 7.41 g 142.01 kg
styrene Air 3.99 mg 76.47 g
sulphate* Water 396.00 mg 7,589.34 g
suspended solids* Water 196.00 mg 3,756.34 g
tetrachloroethene Air 802.00 ng 15,370.33 ug
tetrachloromethane Air 1,380.00 ng 26,447.70 ug
toluene Air 9.96 mg 190.88 g
trichloroethene Air 792.00 ng 15,178.68 ug
uranium* Raw 118.00 Hg 2,261.47 mg
vinyl chloride Air 227 mg 43.50 g
vOC Air 77.80 mg 1,491.04 g
wood and wood wastes* Raw 94.00 mg 1,801.51 g
xylene Air 6.42 mg 123.04 g
Zn Water 167.00 Mg 3,200.56 mg
Zn Air -60.50 Hg -1,159.48 mg

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in
impact assessment



Substance list for generating 1 MJ of energy for electricity with coal,
Distillate Fuel Oil (DFO), natural gas, and uranium (nuclear power).

204

Substance: Category: _Unit: Coal: DFO: Natural Gas: _Uranium:
Acid as H+* Water ng 1.32E-01 2.60E+01 2.70E-01 4.36E-02
acrolein Air Mg 1.50E+00 1.45E-02 8.00E-03 3.88E-02
aldehydes Air mg 1.52E-01 1.50E+00 1.47E-01 8.24E-03
ammonia Air mg 4.59E-03 1.24E-01 1.27E+00 1.34E-02
As Air Mg  3.00E+00 1.63E+01 1.31E-01 9.16E-02
B* Water mg 3.68E+00 3.80E+00 3.54E-02 1.00E-01
Be* Air ug 3.60E-01 1.04E+00 5.90E-03 1.00E-02
benzene Air Mg 1.15E+00 7.57E-01 5.76E-01 1.31E-01
BOD* Water mg 4.96E-03 4.02E-01 1.26E+00 1.22E-02
Ca* Water ug 1.78E-01  2.78E-01 1.73E-01 8.37E+01
Cd Water ug 1.49E-01 4.02E+00 5.90E+01 5.45E-01
Cd Air Mg  2.40E-01 2.79E+01 1.30E-01 2.40E-02
chromate* Water Mg 1.07E-01  2.26E+01 9.27E-02 3.44E-02
Cl-* Water mg 4.42E-01 3.99E+00 5.90E+01 9.72E-01
ci2* Air Mg 7.02E-02 4.64E+00 9.27E-02 2.18E-01
co* Air mg 1.98E+01 3.36E+01 1.12E+02 2.49E+00
CO2 (fossil) Air g 8.93E+01 9.00E+01 5.76E+01 2.97E+00
CO2 (non-fossil) Air mg 1.24E+01 1.89E+01 1.18E+01 5.63E+01
coal - Raw Ib 9.16E-02 8.86E-04 5.01E-04 2.40E-03
cobalt* Air Mg 1.24E+00 2.41E+01 1.47E-01 5.67E-02
CcoD* Water mg 5.37E-02 2.69E+00 1.81E+01 1.68E-01
Cr Water ug 1.49E-01 4.02E+00 5.90E+01 5.45E-01
Cr Air Mg  3.90E+00 1.82E+01 4.59E-01 1.18E-01
crude oil Raw g 295E-01 2.36E+01 2.95E-01 4.53E-02
cyanide* Water ng 2.19E-01 5.87E+00  8.85E+01 7.85E-01
dichloromethane Air ug 5.83E+00 1.67E+00 3.71E-02 1.61E-01
dioxin (TEQ) Air pg  7.90E+00 7.73E-02 4.63E-02 2.09E-01
dissolved solids* Water g 3.39E-03  1.08E-01 1.30E+00 1.18E-02
Fe* Water mg 4.96E+00 5.87E-02 3.08E-02 1.94E+00
fluoride ions* Water Mg 8.26E-01 1.27E+00 8.00E-01 3.88E+02
formaldehyde Air mg 1.90E-03 6.49E-05 1.69E-02 1.79E-04
H2S04* Water Mg 9.19E+02 9.49E+02 8.85E+00 2.51E+01
HCI* Air mg 7.48E+00 7.73E-02 4.13E-02 1.95E-01
HF* Air mg 1.04E+00 1.02E-02 5.48E-03 2.69E-02
Hg Water ng 1.16E-02 3.03E-01 4.63E+00 4,19E-02
Hg Air ug 2.76E+00 4.10E+00 3.17E-02 7.41E-02
kerosene* Air Uug  2.07E-01  3.09E-01 2.02E-01 9.72E+01
limestone* Raw g 2.40E+00 2.33E-02 1.31E-02 6.32E-02
metallic ions* Water Mg 2.85E+00 5.56E+02 5.90E+00 9.20E-01
metals Air Ug 4.96E+00 7.73E+00 4.63E+00 2.30E+01
methane Air g 1.95E-01 ~ 1.34E-02 1.60E-01 6.54E-03

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in
impact assessment



Substance: Category: _Unit: Coal: DFO: Natural Gas:
Mn* Water mg 3.22E+00 2.84E-02 1.77E-02
Mn* Air Mg 9.73E+00 1.21E+01  2.65E-01
n-nitrodimethylamine* Air ng 3.16E+02 3.06E+00 1.73E+00
N20 Air Mg 8.33E+02 3.49E+02 5.05E+00
Na* Water Mg 3.31E-01 4.95E-01 3.20E-01
naphthalene* Air Mg 1.40E-02 2.16E-02 2.11E-01
natural gas Raw g 6.53E-02 1.64E+00 2.44E+01
NH3* Water Mg 5.78E-01 4.33E+01 2.48E+01
Ni Air Mg 4.46E+00 3.76E+02 1.67E+00
nitrate* Water Mg 7.85E-02 1.21E-01 7.58E-02
non methane VOC Air mg 4.96E+00 1.58E+02 2.24E+02
NOx Air g 3.36E-01 1.87E-01 2.15E-01
oil* Water mg 6.20E-02 250E+00 2.27E+01
organic substances* Air mg 2.60E-01 9.27E-01 3.66E-01
other organics* Water mg 7.20E-01 1.00E+00 3.71E+00
particulates* Air g 1.19E-01 1.38E-02  1.88E-03
Pb Water ng 235E-01 4.64E+01 4.63E-01
Pb Air Mg 3.95E+00 1.56E+01  2.53E-01
phenol* Water Mg 9.09E-03 1.79E+00  1.85E-02
phenol* Air mg 3.01E-03 3.71E-04  2.36E-04
phosphate* Water Mg 4.59E+02 4.74E+02 4.63E+00
radioactive substance Nonmat. Bq 1.20E+03 2.19E+01 2.11E+03
to air*

Sb* Air Mg 6.20E-01 8.46E+00  3.75E-02
Se* Air Mg 1.04E+01 9.50E+00  4.84E-01
solid waste* Solid g 1.75E+01 5.13E-01 2.44E+00
SOx Air mg 5.67E+02 6.39E+02 8.30E+02
sulphate* Water mg 2.19E-01 3.18E+00 4.63E+01
suspended solids* Water g 6.36E-02 8.01E-03  2.33E-02
tetrachloroethene Air Mg 1.41E+00 2.89E-01 8.42E-03
tetrachloromethane Air ug 1.58E+00 1.95E+01  4.63E-02
trichloroethene Air ug 1.41E+00 1.36E-02  7.58E-03
uranium* Raw Mg 9.92E-01 1.64E+00 9.27E-01
wood and wood Raw mg 6.61E+00 1.69E+01 9.69E+00
wastes*®

Zn Water Mg 5.37E-02 2.01E+00 2.02E+01
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Uranium:
1.72E-01

5.06E-01

8.29E+00
2.20E+01
1.54E+02
6.54E-02
2.24E-01

1.46E+02
6.02E-01

3.65E+01
2.83E+00
2.53E-02
2.11E-01

2.00E-02
5.32E-02
1.92E-02
7.85E-02
1.57E-01

2.97E-03
1.12E-03
1.25E+01
5.87E+01

2.14E-02
2.79E-01

2.94E+00
7.59E+01
4.88E+01
1.86E-03
3.71E-02
6.54E-02
3.66E-02
4.40E+02
4.52E+01

1.88E-01

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in

impact assessment
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Substance list for generating 1 MJ of energy from Distillate Fuel Oil (DFO),
Liquid Propane Gas (LPG), Wood, and Natural Gas

Substance: Category: _Unit: _Wood: DFO: LPG: Natural Gas:
acetaldehyde Air Hg 1.43E+02 X X X
Acid as H+* Water ng X 2.60E+01 2.34E+01 2.67E-01
acrolein Air Hg X 1.45E-02 1.30E-02 7.93E-03
aldehydes Air mg X 1.45E+00 1.30E+00  1.46E-01
ammonia Air mg X 1.24E-01 1.12E-01 3.96E-03
As Air Hg 4.20E+00 1.17E+00 2.20E-01 7.93E-02
B* Water mg X 8.66E-02 7.65E-02 3.50E-02
Ba* Air Ug 2.10E+02 X : X X

Be* Air Hg X 5.73E-01  1.53E-02 5.84E-03
benzene Air Hg 1.72E+02 4.64E-02 4.23E-02 2.84E-02
BOD* Water mg X 4.02E-01  3.64E-01 1.24E+00
Ca* Water ug X 2.78E-01 2.52E-01 1.71E-01
Cd Water ug X 4.02E+00 3.60E+00  5.84E+01
Cd Air Mg X 2.84E+00 3.33E-01 1.13E-01
chromate* Water Hg X 3.03E-01 2.74E-01 9.18E-02
Cl-* Water mg X 3.96E+00 3.60E+00 5.84E+01
ci2* Air Ug 3.72E+02 4.64E+00 4.32E+00 9.18E-02
co* Air mg 6.59e+02 3.51E+01 3.33E+01 1.21E+02
C02 Air g 1.00E+02 X X X
CO2 (fossil) Air g X 7.74E+01 6.86E+01 5.58E+01
CO2 (non-fossil) Air mg X 1.89E+01 1.71E+01 1.17E+01
coal FAL Raw Ibb 2.12E-01 8.86E-04 8.03E-04 4.97E-04
cobalt* Air Hg X 3.40E-01 3.01E-01 1.04E-01
CcoD* Water mg X 2.69E+00 247E+00 1.79E+01
Cr Water ug X 4.02E+00 3.69E+00 5.84E+01
Cr Air Mg 2.20E+00 1.33E+01 2.52E-01 9.59E-02
crude oil FAL Raw g 6.81E-01 2.36E+01 2.15E+01 2.92E-01
cyanide* Water ng X 5.87E+00 540E+00 8.76E+01
dichloromethane Air Hug X 6.49E-02 5.85E-02 3.67E-02
dioxin (TEQ) Air pg X 7.73E-02  7.20E-02 4.59E-02
dissolved solids* Water g X 1.08E-01 9.81E-02 1.29E+00
Fe* Air Hg 2.10E+02 = X X X

Fe* Water mg X 5.87E-02 5.40E-02 3.05E-02
fluoride ions* Water Hg X 1.27E+00 1.17E+00 7.93E-01
formaldehyde Air mg 3.15E-01 6.49E-05 5.85E-05 3.67E-05
H2S504* Water ug X 213E+01 1.93E+01  8.76E+00
HCI* Air mg X 7.73E-02 6.75E-02 4.09E-02
HF* Air mg X 1.02E-02 9.00E-03 5.42E-03
Hg Water ng X 3.03E-01 2.74E-01 4.59E+00
Hg Air g X 7.60E-01 7.20E-02 3.09E-02
K* Air mg 3.72E+01 X X X
kerosene* Air Hg X 3.09E-01 2.92E-01 2.00E-01

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in
impact assessment



Substance:
limestone*
metallic ions*
metals

methane

Mn*

Mn*
n-nitrodimethylamine*
N20

Na*

Na*

naphthalene*
natural gas

NH3*

- Ni

nitrate*

non methane VOC
NOx

oil*

organic substances*
other organics*
particulates*

Pb

Pb

phenol*

phenol*
phosphate*
radioactive substance
to air*

Sb*

Se*

solid waste*

SOx

sulphate*
suspended solids*
tetrachloroethene
tetrachloromethane
trichloroethene
uranium*

wood and wood
wastes*

Zn

Zn
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Category: _Unit: Wood: DFO: LPG: Natural Gas:
Raw g 5.54E+00 2.33E-02 2.11E-02 1.29E-02
Water Hg X 5.56E+02 4.95E+02 5.84E+00
Air Mg X 7.73E+00 7.20E+00 4.59E+00
Air g X 1.27E-02 1.12E-02 1.60E-01
Water mg X 2.84E-02 2.56E-02 1.75E-02
Air Hg 4.30E+02 3.43E+00 3.01E-01 1.50E-01
Air ng X 3.06E+00 2.79E+00 1.71E+00
Air Mg X 8.66E+00 8.10E+00 5.01E+00
Air Hg 8.59E+02 X X X
Water Hg X 4.95E-01 4.50E-01 3.17E-01
Air Hg 1.15E+02 2.16E-02 1.98E-02 1.33E-02
Raw g 1.51E-01 1.64E+00 1.49E+00 2.42E+01
Water Hg X 4 33E+01 3.96E+01 2.46E+01
Air Hg 2.67E+01 9.27E+00 4.50E+00 1.59E+00
Water Hg X 1.21E-01 1.08E-01 7.51E-02
Air mg X 1.56E+02 1.41E+02 2.25E+02
Air g 1.06E-01 1.00E-01 1.14E-01 1.79E-01
Water mg X 2.50E+00 2.29E+00 2.25E+01
Air mg 7.92E+00 9.27E-01 8.55E-01 3.63E-01
Water mg X 2.63E-01 2.38E-01 3.67E+00
Air g 8.40E-03 9.77E-03 7.20E-03 5.51E-03
Water ng X 4.64E+01 4.18E+01 4.59E-01
Air mg 5.73E-02 241E-03 1.26E+00 1.17E-04
Water Mg X 1.79E+00 1.62E+00 1.84E-02
Air mg 1.91E+00 3.71E-04 3.46E-04 2.34E-04
Water Mg X 1.08E+01 9.90E+00 4.59E+00
Nonmat. Bqg X 2.19E+01 1.98E+01 1.22E+01
Air Hg X 1.17E-01 1.08E-01 3.71E-02
Air Hg X 2.23E-01 2.02E-01 9.18E-02
Solid g 4.44E+00 4.11E-01 3.73E-01 2.42E+00
Air mg 4.77E+00 1.69E+02 7.25E+01 8.53E+02
Water mg X 3.18E+00 2.92E+00 4.59E+01
Water g X 2.44E-03 2.25E-03 2.31E-02
Air Mg X 1.42E-02 1.30E-02 8.34E-03
Air Mg X 5.87E-02 5.40E-02 4.59E-02
Air Mg X 1.36E-02 1.26E-02 7.51E-03
Raw Mg 2.29E+00 1.64E+00 1.48E+00 9.18E-01
Raw mg 1.53E+01 1.69E+01 1.53E+01 9.59E+00
Water Hg X 2.01E+00 1.84E+00 2.00E+01
Air Hg 2.10E+02 X X X

* Denotes substance not defined by the Eco-Indicator99 Methodology, thus not included in

impact assessment





